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ABSTRACT 
 
ESSAYS ON URBAN LIFE AND LABOR SUPPLY OF WOMEN  
 
BY 
 
DONGKYU WON 
 
December 2014 
 
 
Committee Chair: Dr. H. Spencer Banzhaf 
Major Department: Economics 
This dissertation focuses on two main research questions related to the effect of a factor 
in a local labor market. Both relate to a finding of Black et al. (2014) that married women are 
less likely to work in Metropolitan Statistical Areas (MSAs) with more traffic congestion. The 
first essay evaluates the appropriateness of an MSA as a geographical entity in estimating the 
effect of congestion on labor supply of married women. One concern with such aggregated data 
is that they do not take into account within-city variation in congestion. In order to address this 
issue, I replicate the works by Black et al. (2014) at smaller geographical levels. Once the 
coefficient on commute time at each level is estimated, I compare the coefficients from smaller 
geographical entities with one from the MSA to examine if they are statistically similar. I find 
that an MSA is a geographically proper unity when the effect of commute time on the LFP of 
married women is examined. 
Additionally, I explore whether commuting time has also a significant effect on other 
related to labor market issues. First, I find longer commuting time is associated with shorter 
weekly working time of high school educated women. Secondly, fewer married women are self-
employed in the area with longer commuting time.  
The second essay begins with the possibility of correlation between congestion and the 
error term in the estimation equation by Black et al. (2014). The coefficient on congestion in 
their equation might be biased due to the endogeneity problem. I employ a structural approach 
with a multinomial logit in order to deal with the endogeneity issue. By examining the effect of 
congestion and its interaction term on city-specific fixed effects that can be estimated using a 
discrete-choice model of residential decision, I find that the negative relationship between 
congestion and labor supply of married women discovered by Black et al. (2014) is partially true. 
The effect of congestion is statistically uncertain or depends on the model specifications, with 
the exception of a finding that married women with children are especially responsive to the 
effect of traffic congestion on their willingness to work.  
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 1 
 
Chapter 1. Introduction 
 
A remarkable increase in the labor force participation (LFP) of women is the most 
notable feature of the labor market in the United States after World War II. Figure 1 shows 
trends of LFP rate of men and women between 1948 and 2010. While LFP rate of women has 
almost doubled, the rate of men has declined by nearly 20 percent.  
 
A considerable number of studies revealed the relationship between LFP of women and a variety 
of factors such as real wage of women, husband’s wage, fertility, divorce, level of education, and 
age (Blau and Khan, 2007; Mincer, 1962, Rosenzweig and Wolpin, 1980; Papps, 2006; Goldin, 
2006; Juhn and Potter, 2006; Blau, 1998). The female LFP rate, however, has shown signs of 
stagnation or even slight decline recently. It declined from 59.9 percent in 2000 to 58.6 percent 
in 2010. The Bureau of Labor Statistics (BLS) anticipates the rate will be 58.7 percent in 20181. 
                                                        
1 For detail, see Toossi (2009) 
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Figure 1. Trend in Labor Force Participation Rate
Women
Men
Source: U.S. Department of Labor: Bureau of Labor Statistics 
 2 
This figure suggests that the United States may reach a “natural rate” of LFP of women. It means 
that traditional factors leading increase in the female LFP do not have an impact as much as they 
have done2. At this stage where the female LFP rate is stable near its “natural rate”, it may be 
reasonable to expect the female LFP rate to be more sensitive to changes in other factors than 
traditional ones. Therefore, it is important to find such factors and examine the effect on the LFP 
of married women. 
Black et al. (2014) point out that a surprising feature in the labor market provides a clue 
about factors affecting the female LFP decision. In 2000, the LFP rate of married women ranged 
from 52 percent in New York City to 79 percent in Minneapolis3. The fact that there is such a 
wide variation of the LFP rate of married women despite labor market policies and cultural 
backgrounds are not significantly different among cities suggests that characteristics in a local 
labor market have a significant effect on the decision of the labor supply of married women4. 
Few studies, however, focus on characteristics in a local labor market as crucial factors causing 
cross-city variation of the LFP of married women.  
Mincer (1962) states that married women spend their time on work in the market, work in 
the home, or leisure, whereas men generally divide their time between work in the market and 
leisure. Furthermore, the family is the appropriate decision-making unit in the analysis of labor 
supply from the perspective of consumption theory. Therefore, the labor supply of married 
women should be affected by the biological or cultural roles within the home. Customarily, 
women have a primary responsibility for home goods and services. It means that married women 
                                                        
2 Blau and Khan (2007) find that married women’s labor supply elasticity with respect to their own and husbands’ 
wage decline substantially between 1980 and 2000. Additionally, divorce rate is showing a downward trend since 
1980’s. 
3 See Black et al. (2014) for details. 
4 There are some local factors affecting LFP of married women. For example, Eissa and Hoynes (2004) show that 
the earned income tax credit (EITC) reduces LFP rate of married women, which dominates the rise in participation 
by their spouses. 
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can spend their time more on work in the market if work in the home can be replaced with others 
or other things. He argues that labor supply of married women with children is more sensitive to 
external shocks because they have to take care of children, which is much difficult to be 
substituted.  
In this context, early studies on gender difference in commuting distance, which is the 
shorter commuting distance of married women than men (White, 1977; Ericksen, 1977; Madden 
and White, 1978; MacDonald and Peters, 1998), suggest that traffic congestion, measured by 
commute time, is one of factors that prevent the substitution between work in the home and 
market. The shorter commuting distance of married women may be interpreted as a strong 
preference for short commute times, which can help married women control demands on their 
time. Women, however, in more congested cities possibly experience difficulty in managing time 
due to the uncertainty or longer time on the roads. As a result, women’s response to this 
difficulty may appear as reduction in hours worked since they, as housewives, should spend 
fixed time for house work, which generally increases if they have children. If commute time 
works as expected, the LFP rate of married women should have a negative association with 
commute time and the association for those with children should be stronger. 
Figure 2 represents the relationship between commute time and the LFP of married 
women in 147 MSAs by educational level and presence of children. Two interesting 
characteristics can be found in figure 2. First, the negative slope of women with children is 
steeper than that for those without children within each educational level. Moreover, the 
difference in the degree of the slope is statistically significant. Second, women with children 
show a slightly lower LFP rate than those without children within the same educational level. 
The gap between the LFP rate of women with and without children is larger in the group of 
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women with a college degree than others. Therefore, figure 2 suggests that commute time could 
be a factor that affects labor supply of married women, and lead to more sensitive response of 
those with children.  
 
Within this dissertation, I investigate the effect of congestion on the LFP of married 
women and other issues related to labor market. In the first chapter, I examine whether or not the 
MSA is a proper geographical entity before the empirical finding, which is the negative 
relationship between congestion and the LFP of married women by Black et al. (2014), can be 
settled as a causal effect of traffic congestion. Black et al. focus on the between-city variation in 
the LFP rate of married women. In fact, within-city variation may be equally important because 
an MSA consists of several counties containing satellite cities, which are smaller areas than 
MSAs and have their own features. Since the aggregated data at the MSA level cannot take into 
Figure 2. Relationship between Commute Time and LFP of Married Women 
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account of the within-city variation, it is important to check if the MSA is appropriate. 
In order to address this issue, I replicate the works by Black et al. (2014) at smaller 
geographical levels: the super PUMA, the PUMA and the census tract. Once the coefficient on 
commute time at each level is estimated, I compare the coefficients from smaller geographical 
entities with one from the MSA to examine if they are statistically similar. I find the coefficients 
on commute time from smaller units are not statistically different from the coefficient at the 
MSA level. This implies that an MSA is a geographically proper unit to examine the effect on 
the LFP of married women of commute time. 
Additionally, I explore whether commuting time has also a significant effect on other 
related to labor market issues. First, I find longer commuting time is associated with shorter 
weekly working time of high school educated women. Secondly, fewer married women are self-
employed in the area with longer commuting time. The negative effects of commute time on both 
hours worked and the ratio of self-employed are stronger for women with a high school level of 
education than those with a college degree.  
In the second chapter, I employ a structural approach with a multinomial logit model in 
the manner of Bayer et al. (2009) and Berry (1994). This approach takes into account a possible 
problem that may occur at an important empirical relationship between female LFP and 
commuting time by Black et al. (2014). They ignored the possibility of endogeneity between 
congestion and LFP of women. Specifically, two types of endogeneity should be considered. One 
possibility is that unobserved factors in a city can encourage more women to work. Since most 
commuters use their own cars, more women on the road may cause worse traffic condition. 
Then, their estimates will be biased toward a positive correlation. The other possibility is that a 
family decides first whether or not the wife will work, then finds a city with lower commuting 
 6 
times. As a consequence, cities with low traffic congestion will attract families where the wife 
wants to work, a standard Tiebout selection effect. This may overestimate the negative effect of 
the congestion on female LFP.  
The structural approach in this chapter can be divided into two stages. At the first stage, a 
specific discrete-choice model of residential decision is established to estimate city-specific fixed 
effects, which indicate a composite utility at city-level. Parameters estimated in this stage capture 
heterogeneity by individual 𝑖′𝑠 own characteristic. Presence of children is used as a characteristic 
because, as seem above, it has a significant effect on LFP of married women. At the second 
stage, I examine the relationship between the estimated fixed effects and local amenities, 
including the commute time. The second stage gives average effects and any potential 
heterogeneity by individual 𝑖′𝑠 residential choice. The commute time is possibly correlated with 
error term in this stage. Thus, instrumental variables (IV) are used to overcome the endogeneity 
problem.  
I show that commute time is associated with unobserved factors, which is reflected in the 
error term of OLS regressions. I also find that the extent to which women with jobs prefer a less 
congested city compared to housewives gets stronger when they have children. In addition, the 
relationship between commute time and LFP of married women by Black et al. (2014) is 
partially supported by this study. 
 
 7 
 
Chapter 2. Does size of geographical unit matter in estimating the impact of commuting 
time on local labor market? 
 
Introduction 
The cross-city variation in the Labor Force Participation (LFP) of married women still 
remains wide in 2007. The LFP rate of one large group of women, namely married non-Hispanic 
white women aged 25-55 with at least a high school level education, ranges from 50.9 percent in 
Provo-Orem, UT to 84.8 percent in Des Moines, IA. On the other hand, for similar men the 
respective statistics range from 97.4 percent in Savannah, GA to 86.5 percent in Ocala, FL. The 
variation in the LFP rate of married women is much greater than that of men under the same 
conditions. 
Even though a number of previous studies reveal that traditional economic variables such 
as market wage, husband’s income, wealth levels and education levels have a substantial effect 
on the LFP of married women (Cain, 1966; Fosu, 1990; Mincer, 1962), the wide variation in the 
LFP of married women across cities can hardly be explained by these factors. Black et al. (2014) 
highlight the important role played by traffic congestion in the local labor market. Using data 
from the Census Public Use Micro Sample (PUMS), they find that an increase in commute time, 
as the measure of traffic congestion, is correlated with a decrease in the LFP rate of married 
women at the MSA level.  
In this chapter, I examine whether or not the MSA is a proper geographical entity before 
the empirical findings can be settled as a causal effect of traffic congestion. Black et al. (2014) 
focus on the between-city variation in the LFP rate of married women. In fact, within-city 
variation may be equally important because an MSA consists of several counties containing 
satellite cities, which are smaller areas than MSAs and have their own features. Since the 
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aggregated data at the MSA level cannot take into account of the within-city variation, it is 
important to check if the MSA is appropriate. 
In order to address this issue, this paper replicates the works by Black et al. (2014) at 
smaller geographical levels: the super PUMA, the PUMA and the census tract. Once the 
coefficient on commute time at each level is estimated, I compare the coefficients from smaller 
geographical entities with one from the MSA to examine if they are statistically similar. I find 
the coefficients on commute time from smaller units are not statistically different from the 
coefficient at the MSA level. This implies that an MSA is a geographically proper unity to 
examine the effect of commute time on the LFP of married women. 
Additionally, in this chapter I explore whether commuting time has also a significant 
effect on other related to labor market issues. First, I find longer commuting time is associated 
with shorter weekly working time of high school educated women. Secondly, fewer married 
women are self-employed in the area with longer commuting time. The negative effects of 
commute time on both hours worked and the ratio of self-employed are stronger for women with 
a high school level of education than those with a college degree.  
The next section provides information on the data used. Section 3 introduces the 
empirical strategies. Section 4 presents the empirical findings. The final section concludes. 
 
Data 
Data for these regressions come from two main sources. The first source is the PUMS 
files from the 2007 the American Community Survey (ACS) 1-year PUMS, which are used to 
build the dataset for the regressions at the Public Use Micro Area (PUMA) and Super-PUMA 
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level. Even though the 2009 ACS 1-year PUMS is the latest data5, it is more likely to be affected 
by the macro shock of the 2008 financial crisis.  Table 1 and Table 2 report summary statistics in 
2007 and 2009 respectively, which shows the effect of the financial crisis on the economy. First, 
single women’s wage had slightly decreased. In addition, the unemployment rate had soared to 
over 9% from 6%. Moreover, the financial crisis negatively affected housing prices. The S&P / 
Case-Schiller U.S. National Home Price Index dropped from 184.83 in the first quarter of 2007 
to 129.17 in the first quarter of 2009. Such significant changes in the housing and labor market 
are expected to cause unusual responses of people to the shock. Thus, it seems more appropriate 
to analyze women’s decision on labor supply using 2007 data. 
All variables, the LFP rate of women, the housing index, the wage of single women, the 
unemployment rate and the average commuting time, can be extracted from this source. Among 
them, commuting time and the LFP rate of women require more careful consideration since the 
interest of this study lies in the evaluation of the effect of commuting time on LFP of women. 
Consequently, more accurate measurement of average commuting time and LFP rate of women 
is important.  
Following Black et al. (2014), this paper focuses on a certain group of women who are 
married non-Hispanic white with at least a high school education and aged 25-55 living in 
MSAs.6 A proper measure of the labor supply of this group should be carefully considered. I 
employ the employment-population ratio (EPOP)7 as a measure of labor supply instead of LFP. 
EPOP is the ratio of employed persons to the total non-institutional civilian population aged 25-
55. 
                                                        
5 The borders of PUMA and Super-PUMA change from the 2010 Census. 
6 For the rationale for using this group, see Black et al. (2014). Unlike Black et at. (2014), the largest 147 MSAs are 
used in this paper. 
7 Black et al. (2014) also use this measure but call it “employment rate”. 
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Table 1. Summary Statistics in 2007.                
  Census Tract2   PUMA3   Super-PUMA3   MSA3 
  Mean Std Min Max   Mean Std Min Max   Mean Std Min Max   Mean Std Min Max 
LFP rate 59.55 10.29 0 100  72.53 8.53 20 100  72.23 5.32 50 84.88  73.01 4.84 50.93 84.78 
Housing Price 
Index3 
26.38 18.97 0 100  26.72 18.92 0 100  29.31 22.83 0 100  22.45 19.54 0 100 
Single Women's 
Wage1 
20.03 8.72 9.04 110.42  20.08 8.68 9.04 110.42  19.75 5.92 10.69 53.64  17.41 4.79 11.52 53.64 
Unemployment 
Rate 
8.00 5.63 0.00 71.20  6.15 2.79 1.52 25.13  5.92 1.88 2.56 19.73  5.86 1.35 2.87 10.22 
Commuting Time 27.23 7.54 4.30 95.30   28.12 5.89 16.30 53.72   28.01 5.26 18.02 46.55   24.69 3.22 18.02 35.97 
Observation 44585   1464   425   147 
Note:                     
1. Single women's wage at census tract level is not available. Instead, single women's wage in a PUMA containing the tract is used.    
2. Data are from 2005-2009 ACS 5-year PUMS                
3. Data are from 2007 ACS 1-year PUMS                 
4. The number of observation of LFP rate at PUMA level is 1452             
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Table 2. Summary Statistics in 2009.              
  Census Tract2   PUMA3   Super-PUMA3   MSA3 
  Mean Std Min Max   Mean Std Min Max   Mean Std Min Max   Mean Std Min Max 
LFP rate 59.55 10.29 0 100  73.02 8.63 25.00 100  72.67 5.28 50.00 85.89  73.32 4.85 52.17 85.89 
Housing Price 
Index3 
20.33 15.18 0 100  20.51 15.08 0.00 100  24.93 19.32 0 100  22.01 17.58 0 100 
Single Women's 
Wage1 
18.98 5.82 7.36 83.88  19.02 5.68 7.36 83.88  18.70 4.38 11.66 45.63  16.55 2.92 11.66 26.82 
Unemployment 
Rate 
8.00 5.63 0 71.20  9.56 3.57 3.08 37.70  9.31 2.59 4.27 26.26  9.03 2.15 5.01 15.34 
Commuting 
Time 
27.23 7.54 4.30 95.30   27.83 5.72 15.37 49.07   27.76 5.10 16.97 45.42   24.62 3.13 16.97 35.74 
Observation 44585   1464   425   147 
Note:                     
1. Single women's wage at census tract level is not available. Instead, single women's wage in a PUMA containing the tract is used.      
2. Data are from 2005-2009 ACS 5-year PUMS                 
3. Data are from 2009 ACS 1-year PUMS                 
4. The number of observation of LFP rate at PUMA level is 1452              
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The difference between LFP and EPOP is that EPOP does not include the “unemployed  
persons” which are is in the LFP formula. The reason why EPOP serves as a better measure of 
labor supply is that the definition of unemployed persons is partly ambiguous and subjective. 
The US Bureau of Labor Statistics (BLS) identifies people who are jobless, looking for jobs, and 
available for work as unemployed persons. It is, however, hard to know the extent to which 
people actually are looking for jobs. In the case of married women with children, they might be 
looking for a job for the future regardless of whether or not they can currently work. Thus, EPOP 
is used in this paper. 
A possible problem caused by using the average of women’s commuting time as a 
measure of congestion is a selection bias. Since many women do not work, women’s average 
commuting time may reflect the LFP decisions of women. Thus, the average commuting time of 
women may not be a proper measure of congestion. The ratio of employed men to population is 
higher than women’s. Thus, this study adopts the average commuting time of men as the 
measure of congestion.8 Especially, the same ratio of men aged between 25 and 54 is 87.5% in 
2007.9 Moreover, employed men of this group accounts for 69.4% of total employed men in 
2007. Therefore, the average commuting time of them can be a better measure representing how 
serious congestion is in each geographical level. Since they are much more likely to work under 
any circumstance, their commute time is more exogenous. 
For the housing price index, a micro-level index by Chen and Rosenthal (2008) is used in 
Black et al. (2014). Unfortunately, this is unavailable at the census tract and PUMA levels. 
Instead, this study estimates a hedonic housing price index using the PUMS that provides the 
                                                        
8 The same ratio of men is 69.8% in 2007. Actually, the group of white men aged between 35 and 39 has the highest 
value for the ratio, 91.0%. However, this group accounts for 7.3% of men over 16. 
9 “Employment & Earnings” January 2008 Vol.55 No.1 Table 3 on page 199.  
 13 
information on housing units such as number of rooms, the size of units, and age of units. The 
housing price index based on micro-data from 2007 ACS 1-year PUMS is calculated using the 
standard log-linear function on housing price:  
                                               𝑙𝑛𝑃𝑖𝑗 = 𝛼𝑗 +  𝛽
′𝑋𝑖𝑗 +  𝜀𝑖𝑗 ,                                             (1) 
where  𝑙𝑛𝑃𝑖𝑗 is the housing price of housing unit 𝑖 in community 𝑗 (𝑗 =PUMA, Super-PUMA, 
MSA)10, 𝛼𝑗 is the fixed effect of community 𝑗, 𝑋𝑖𝑗 is the characteristics of housing unit 𝑖 in 
community 𝑗,which includes the number of bedrooms and other rooms, the type of heating fuel, 
and a dummy variable for condominiums. Moreover, a dummy variable indicating whether meals 
are included in rental fee and variables showing how many units are in the building are available 
for rental units. Banzhaf and Farooque (2013) construct housing price indices for the Los 
Angeles area and compare them with other self-reported indices in previous studies. Although 
actual transactions prices may be preferable to the self-reported values in the census, they find 
housing price indices computed from census data are a reasonable alternative, with a high 
correlation with transaction-based indices at the PUMA level. Once the fixed effect for each 
community (𝛼𝑗) is obtained, the housing price index for community 𝑗 is set up as 𝑒
𝛼𝑗 , which is 
finally normalized between 0 and 100.  
Table 3 shows results from the regression described in equation (1). Results are not far 
from expectations. More rooms and a larger lot lead to higher property values. Age of units has a 
negative effect on the value. Fuel Oils and solar energy are preferred as heating sources. In case 
of rental units, the value of housing service decreases as the number of units in the building 
                                                        
10 For owner occupied units, the survey is designed for an individual to choose its property value among 24 different 
intervals. In this case, interval regression can be used. However, the median value of each interval is used the 
property value in this study. Banzhaf and Farooque (2013) find it does not make much difference. When compared 
to the S&P Case/Shiller Home Price Index (CSHPI) for 20 cities, the index using median value of each category has 
higher correlation with the CSHPI than one using interval regression. 
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increases. If a meal is included, more rental fee should be paid. The price of condominium is 
higher than general houses’ under the same conditions. Once the housing price indices at the 
PUMA and Super-PUMA level are obtained, the effect of each independent variable on the labor 
force participation rate can be estimated using linear regression.  
Even though all variables for this study can be obtained from the 2007 ACS 1-year 
PUMS at the PUMA and Super-PUMA levels, those for the tract level cannot be extracted from 
the 2007 ACS 1-year PUMS. I use the 2005-2009 ACS 5-year estimates for the tract level data. 
However, most variables have their own limitations even in this data set. First, EPOP of women 
described above cannot be obtained at the tract level. EPOP of women over 16 serves as a 
measure of labor supply instead of those aged 25-55. Second, the wage of single women is 
unavailable at the tract level. Instead, the 2005-2009 ACS 5-year estimates provides median 
earnings of female that is inflation-adjusted dollar in 2007. As an alternative to the median 
earnings of female, this study also uses the single women’s wage at the PUMA level to examine 
the effect of the wage. When the wage at PUMA level is used, the single women’s wage in a 
PUMA is assigned to all census tracts within the PUMA. Third, since the average commuting 
time of men aged between 25 and 54 is not provided by the data source, the average commuting 
time of men in each census tract is used as a measure of congestion.  
In addition, the micro level housing data is not provided at the tract level, making it is 
possible to estimate equation (1). This problem can be addressed by constructing a housing price 
index at PUMAs, which are the closest geographical unit in terms of the size, using the 
information on housing units using PUMS data. PUMS data contains micro-level data on 
individual housing characteristics such as self-reported housing value, number of bedrooms or 
age of building. Therefore, a housing price index at the PUMA level can be calculated. All 
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census tracts within a certain PUMA have same housing price index. In the case that a census 
tract is divided by at least two PUMAs, the weighted average of the housing price index 
associated with the PUMAs is used. 
 
Models 
The main research question of this study is whether or not an MSA is a proper 
geographical unit to examine the relationship between traffic congestion and LFP of married 
women. The negative relationship between them found by Black et al. (2014) is based on a 
model using aggregate data where mean value of commuting time is used to predict mean value 
of LFP of married women at the MSA level. In this case, it is not certain that the finding can be 
applied to lower geographic units since an MSA is composed of smaller geographic entities such 
as counties and satellite cities that have their own demographic or economic features. The 
ecological fallacy11 can occur if the negative relationship observed for MSAs does not 
necessarily hold for smaller geographical entities. 
For example, Metro-Atlanta consists of 140 cities and towns in 28 counties.12 Each of 
those cities or towns may have its own commuting time, housing price, unemployment rate and 
level of wages, which are related with the LFP of women. If each area is combined into metro-
Atlanta, then the only thing that can be obtained is the average of each variable for the entire 
metro area, which cannot take into account the within-city variations. In this case, it is hard to 
say that the average represents the attributes of each area in metro-Atlanta.  
The law of total variance, or the variance decomposition formula, is helpful to measure 
how much within-city variation there is in the data, relative to the between-city variation.  
                                                        
11 For details see Robinson (1950) 
12 Based on “Atlanta MSA Growth Statistics” by Metro Atlanta Chamber of Commerce in 2005-2006 
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Table 3. Results from Regression for Housing Price Index     
  PUMA   Super-PUMA   MSA 
  
Owner-
Occupied 
Renter-
Occupied 
Total   
Owner-
Occupied 
Renter-
Occupied 
Total   
Owner-
Occupied 
Renter-
Occupied 
Total 
Bedrooms 
0.12** 0.11** 0.079**  0.12** 0.099** 0.076**  0.12** 0.092** 0.078** 
(0.0014) (0.0030) (0.0012)  (0.0015) (0.0030) (0.0012)  (0.0015) (0.0031) (0.0013) 
Other 
rooms 
0.16** 0.043** 0.12**  0.17** 0.047** 0.13**  0.18** 0.046** 0.14** 
(0.0008) (0.0018) (0.00066)  (0.00078) (0.0019) (0.00068)  (0.00081) (0.0019) (0.00071) 
Age 
-0.005** -0.005** -0.007**  -0.005** -0.005** -0.007**  -0.004** -0.005** -0.006** 
(0.00005) (0.00009) (0.00004)  (0.00005) (0.00008) (0.00004)  (0.00005) (0.00008) (0.00004) 
BTLP gas 
-0.057** -0.050** 0.078**  -0.061** -0.058** 0.079**  -0.085** -0.072** 0.058** 
(0.0045) (0.011) (0.0039)  (0.0046) (0.011) (0.0039)  (0.0047) (0.011) (0.0040) 
Electric 
heat 
-0.058** -0.011** 0.0040*  -0.066** -0.013** 0.00010  -0.076** -0.017** 
-
0.0072** 
(0.0024) (0.0037) (0.0019)  (0.0025) (0.0038) (0.0020)  (0.0025) (0.0039) (0.0020) 
Fuel Oil 
-0.040** -0.045** -0.0047  -0.051** -0.041** 
-
0.0089** 
 -0.056** -0.048** -0.012** 
(0.0038) (0.0071) (0.0031)  (0.0038) (0.0072) (0.0032)  (0.0038) (0.0072) (0.0032) 
Wood heat 
-0.029** -0.21** 0.034**  -0.038** -0.23** 0.036**  -0.077** -0.26** 0.00026 
(0.0076) (0.026) (0.0068)  (0.0078) (0.026) (0.0069)  (0.0081) (0.027) (0.0072) 
Sola heat 
0.046 -0.20* 0.030  0.058 -0.20* 0.037  0.075 -0.18† 0.052 
(0.054) (0.100) (0.045)  (0.056) (0.10) (0.047)  (0.059) (0.11) (0.049) 
Condo 
0.058**  0.017**  0.094**  0.045**  0.14**  0.083** 
(0.0043)  (0.0046)  (0.0044)  (0.0047)  (0.0045)  (0.0049) 
Lot more 
than 9 acres 
0.45**    0.44**    0.43**   
(0.0058)    (0.0059)    (0.0062)   
2 unit 
structure 
 -0.086** -0.10**   -0.084** -0.091**   -0.080** -0.071** 
 (0.0064) (0.0058)   (0.0065) (0.0060)   (0.0067) (0.0062) 
3-4 unit 
structure 
 -0.090** -0.10**   -0.078** -0.081**   -0.065** -0.046** 
 (0.0059) (0.0052)   (0.0060) (0.0054)   (0.0061) (0.0055) 
5-9 unit 
structure 
 -0.10** -0.091**   -0.086** -0.059**   -0.060** -0.0065 
 (0.0058) (0.0049)   (0.0059) (0.0051)   (0.0060) (0.0053) 
10-19 unit 
structure 
 -0.086** -0.056**   -0.067** -0.020**   -0.028** 0.049** 
 (0.0060) (0.0051)   (0.0061) (0.0052)   (0.0062) (0.0054) 
20-49 unit 
structure 
 -0.12** -0.11**   -0.094** -0.069**   -0.055** 0.0022 
 (0.0066) (0.0056)   (0.0067) (0.0057)   (0.0068) (0.0058) 
50+ unit 
structure 
 -0.17** -0.13**   -0.14** -0.078**   -0.093** 0.013* 
 (0.0063) (0.0050)   (0.0064) (0.0051)   (0.0064) (0.0052) 
Meal 
included 
 0.77**    0.77**    0.75**  
 (0.013)    (0.013)    (0.013)  
Rental unit 
  -5.44**    -5.45**    -5.46** 
  (0.0028)    (0.0029)    (0.0030) 
Costant 
11.1** 6.46** 11.62**  11.1** 6.46** 11.57**  10.9** 6.45** 11.49** 
(0.0047) (0.0085) (0.0040)  (0.0048) (0.0086) (0.0041)  (0.0049) (0.009) (0.0053) 
Adjusted R-
square  
0.609 0.375 0.962  0.578 0.338 0.959  0.543 0.289 0.955 
Observation 441,530 125,588 567,118   441,530 125,588 567,118   441,530 125,588 567,118 
Note: t-statistics in parenthesis.         
† p<0.1; * p<0.05; ** p<0.01         
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Given that X and Y are random variables and the variance of Y is finite, it say 
𝑣𝑎𝑟(𝑌) = 𝐸(𝑣𝑎𝑟(𝑌|X)) + var(E(Y|X))                                     (2)      
It means that the total variance of a random variable Y can be divided into two parts. The first is 
the mean of variance of Y given X, and the second is the variance of the mean of Y given X.  
 In the context of this study, Y and X can be applied to the mean of the travel time to work 
at PUMA and MSA, respectively. Thus, the left hand side of the equation is the total variance of 
travel time to work by PUMA. The first term of the right hand side shows how much the 
variance of commuting time from each MSA contributes to total variance, which may be called 
the within-MSA variation. The second term of right hand side represents how much the average 
travel time varies across MSAs, which can be called the between-MSA variation. The test shows 
that the between-MSA variation explains 54 percent of the total variation13. Even though the 
within-MSA variation is less than the other, it is not ignorable. Thus, it is meaningful to estimate 
the effect of local factors at smaller geographic scales in order to reflect their own attributes. 
OLS regressions will be conducted at smaller geographical levels than MSAs. PUMS 
provides the data on Super-PUMAs and PUMAs, and the U.S. Census Bureau releases the same 
kind of data at the tract level. Therefore, the comparison of the results from the regression at 
these three geographical levels with the results of the regression at MSA level is expected to 
indirectly answer to the main question. The regression equation is  
                       𝐿𝐹𝑃𝑖 =  𝛼 +  𝛽𝐻𝑂𝑈𝑆𝑖 +  𝛾𝑊𝐴𝐺𝐸𝑖 +  𝛿𝑈𝑁𝐸𝑀𝑖 +  𝜃𝐶𝑂𝑀𝑀𝑖 +  𝜀𝑖                       (3) 
The dependent variable, 𝐿𝐹𝑃𝑖, is the employment-population ratio in area i. 𝐻𝑂𝑈𝑆𝑖 is the 
housing price index in area i. 𝑊𝐴𝐺𝐸𝑖 is the wage of single women, and 𝑈𝑁𝐸𝑀𝑖 is 
                                                        
13 In case of Super-PUMA, the between-MSA variation explains 69 percent of the total variation. However, total 85 
MSAs out of 147 are consist of just one Super-PUMA. The similarity in size of geographical entities seems to 
explain higher ratio of the between-MSA variation. 
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unemployment rate for men in area i. 𝐶𝑂𝑀𝑀𝑖 is the mean of commuting time in area i. 𝜀𝑖 is the 
error term. This study focuses on the differences in 𝜃 across geographical entities. Once 𝜃 at 
each level is estimated, then I examine the hypothesis that the estimates at smaller entities are 
statistically the same to one at MSA level. That is, 𝜃𝑡𝑟𝑎𝑐𝑡 =  𝜃𝑚𝑠𝑎,  𝜃𝑝𝑢𝑚𝑎 =  𝜃𝑚𝑠𝑎 , and 
𝜃𝑆−𝑝𝑢𝑚𝑎 =  𝜃𝑚𝑠𝑎. 
In addition, the MSA fixed effects across smaller entities within an MSA should be 
considered. Even though each smaller unit has its own local characteristics, it is possible for 
unobserved factors that are invariant across smaller units within an MSA to affect the LFP of 
married women. A model including the MSA fixed effect to control for the factors is needed. For 
each smaller entity i  (i  = Census Tract, PUMA or Super-PUMA) in MSA m, I model LFP of 
married women as a linear function of observed local factors and MSA fixed effects 𝛼. 
𝐿𝐹𝑃𝑖𝑚 =  𝛼𝑚 +  𝛽𝐻𝑂𝑈𝑆𝑖𝑚 +  𝛾𝑊𝐴𝐺𝐸𝑖𝑚 +  𝛿𝑈𝑁𝐸𝑀𝑖𝑚 +  𝜃𝐶𝑂𝑀𝑀𝑖𝑚 +  𝜀𝑖𝑚       (4)  
As above, the coefficients on commute time at smaller geographical levels are compared to one 
at the MSA level. 
 One interesting issue is that commute time can impact the hours worked. Gutiérrez-i-
Puigarnau and Van Ommeren (2010) find that German workers with long commuting distance 
work longer days. Gimenez-Nadal and Molina (2011) find that in Spain, an hour increase in 
commuting time is associated with a 35 minute increase in working hour. By replacing 𝐿𝐹𝑃𝑖 in 
equation (3) with 𝐻𝑜𝑢𝑟𝑖, the average working hours in city i, the relationship between 
commuting time and working hours can also be examined. In addition, the effect on the ratio of 
self-employed person of commute time is also examined by replacing 𝐿𝐹𝑃𝑖 in equation (3) with 
𝑆𝑒𝑙𝑓𝑖, the percentage of self-employed person in city i. 
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Results 
Geographical Sensitivity 
Table 4 reports estimate of the coefficients on the independent variables from linear 
regressions at all geographical entities. Following Black et al. (2014), the analyses are conducted 
separately according to the education level14. But, I add one more column to examine the effects 
of each variable that is generated by combining two groups.  Results show that the key 
explanatory variable, commute time, is negatively associated with the LFP of married women. 
The effect of commute time is significant and stronger for women with at least a high school 
diploma at the PUMA and the Super-PUMA level.  
Table 5 presents the results from regressions including MSA fixed effects15. Even though 
the coefficients capture the within-city effects, the patterns of results are similar to those without 
MSA fixed effects except at the PUMA level.  In general, commute time has negative effect on 
the LFP of married women.  
One interesting result in Table 4 is that the effect of commute time is negative, but not 
statistically significant for all groups at the MSA level, which is not consistent with the main 
result by Black et al. (2014). However, in as much as these are imprecise effects rather than 
precise zeroes, we also cannot reject similar effects at the MSA level with these data. A change 
in the number of MSAs could be considered as a reason of the inconsistency. For the 
                                                        
14 At the tract level, the estimation by the education level is not possible. Since two measures for the single women’s 
wage being mentioned in the data section are used at the tract level, results for the tract level has two columns for 
each measure. 
15 The Super-PUMA is the area of at least 400,000 people. In my data, one Super-PUMA contains two whole MSAs 
(San Luis Obispo and Santa Barbara), and four Super-PUMAs contain a whole MSA and another MSA partially. 
Thus, total 85 MSAs out of 147 are consist of just one Super-PUMA. Consequently, a subset of the MSAs is 
identified. In case of the PUMA, 146 MSAs are identified because a PUMA contains a whole MSA. 
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examination of the effect of the change in sample size, I use data on only 48 MSAs16 out of 147 
MSAs. Table 6 indicates that the number of MSAs would not be the main reason to explain the 
inconsistency between two results. Even though the coefficient on commuting time for group 
with a college degree is negative and significant, the effect of commute time for those with a 
high school diploma is insignificant, and college educated group is more sensitive to commute 
time, which is opposite to the results by Black et al. (2014).  
Another factor to be considered is the population in each MSA. For example, over 20 
million people live in New York, which is the biggest city in terms of population whereas the 
population of Johnstown, PA, the smallest one out of 147 cities in this study, is only about 1 
percent of New York’s. Such a wide variation in the population across cities might cause 
undesirable results in Table 4 obtained by using data where variables are simple means of each 
MSA, which means the same weight is put on each city. The same weight on each city leads to 
more weight on individuals in smaller cities. In order to address the weight issue, weighted 
regression is performed using the number of married non-Hispanic white women aged 25-55 
with at least high school diploma in each geographical entity weights17.  
Table 7 reports the results from weighted regressions. Changes in coefficients on 
commute time are remarkable. At the MSA level, the negative relationship between LFP of 
married women and commute time becomes significant, which is consistent with the results by 
Black et al. (2014). The coefficient indicates that a 10 minute increase in commute time results in 
the reduction of the labor supply of married women by about 2 percentage points. The magnitude 
                                                        
16 Actually, Black et al. (2014) use 50 MSAs. They use Honolulu HI, and separate Washington -Baltimore CMSA 
into Washington and Baltimore. But, I exclude Honolulu HI and use Washington and Baltimore as one MSA. 
17 The number of married non-Hispanic white women aged 25-55 with at least high school diploma is not available 
at Census Tract level. Instead, the estimated number of female in each tract is used for weighted regressions at 
Census Tract level. 
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of the coefficient for women with a college degree becomes greater and significant at all scales. 
Even though there is a slight difference in the magnitude between women with a high school 
education and a college degree, the difference is not statistically significant. The coefficients on 
commute time are getting smaller as the size of the geographic unit shrinks.  In addition, the 
effect of the housing price index becomes statistically significant at the MSA level, and adjusted 
R2 is, in general, higher than in Table 4.  
Table 8 shows the results from weighted regression reflecting MSA fixed effects. The 
patterns of change in the coefficients on commute time are similar to those in Table 7. Commute 
time is negatively associated with the LFP of married women, and the relationship is stronger for 
high school educated women. Goodness-of-fit is higher than one in Table 5.  
The main research question in this study is whether the MSA is a proper geographical 
entity. In order to answer this question, coefficients on commute time at smaller levels are 
compared with one at MSA level. By combining estimates and covariance matrix at all 
geographical levels into a single model, it is possible to test whether the coefficients differ across 
geographical levels.  
Table 9 represents the coefficient comparison results. When the coefficients at smaller 
entities from unweighted regressions are compared with the one at the MSA level, I cannot reject 
the null hypothesis at a significance level of 0.05 that the estimates are statistically the same. In 
the case of the results from the weighted regressions, the coefficients at PUMA and the Super-
PUMA level are not statistically different from the one at the MSA level, whereas the 
coefficients at the census tract level are18.  The comparison results show that the size of 
                                                        
18 As mentioned in Data section, variables for the census tract level are obtained from different sources. The 
variables do not exactly meets conditions that are applied at other geographical entities. Therefore, the coefficients 
comparison is focused on PUMA and Super-PUMA levels. 
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geographical entity does not lead to the meaningful differences in the effect of congestion on the 
LFP of married women, while Table 5 and Table 8 demonstrate that within an MSA, the labor 
supply of married women at smaller areas are negatively associated with commute time. Based 
on this result, I can conclude that an MSA is a proper geographical entity to examine the effect 
of congestion on the LFP of married women. 
 
Additional Empirical Analyses 
 Further empirical analyses are conducted to investigate the effect of commute time on 
other factors related to labor issues. Since I find an MSA is a proper scale in the previous 
chapter, the results below are based on the empirical analyses at the MSA level.  
 The relationship between commute time and working hours is presented in Table 10. It 
shows that longer commuting time of high school educated women is associated with shorter 
working hours. A 10 min increase in commute time causes a decrease in hours worked by almost 
1 hour a week.  At first glance, this result seems to be inconsistent with previous studies 
(Gutiérrez-i-Puigarnau and Van Ommeren, 2010; Gimenez-Nadal and Molina, 2011). Previous 
studies, however, used working hours in a working day as the dependent variable, whereas 
“usual hours worked per week” is used as 𝐻𝑜𝑢𝑟𝑖 in the equation (3). Therefore, the negative 
relationship between commute time and hours worked by high school educated women can be 
caused by a decrease in working days per week, which may outweigh increase in daily working 
hours. For the other groups, the negative relationship between commute time and hours worked 
is not significant. In addition, hours worked by high school educated women are more sensitive 
to other factors than those with a college degree.  
 Table 11 shows that longer commute time has negative effect on the ratio of self-
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employed women. In general, a 10 minute increase in commute time causes a 2 percentage point 
decrease in the ratio of self-employed women to employed women.  Commonly, self-
employment is considered as a possible way for married women to balance time between their 
work and family responsibilities. Therefore, more married women might be expected to be self-
employed in areas with longer commute time. The results in Table 11, however, are contrary to 
this intuition. In fact, data in this study demonstrates that almost half of self-employed married 
women are commuting, and the commuting time of them is not much different from that of 
employees19. It may explain the negative relationship between commute time and ratio of self-
employed. Nevertheless, the negative effect of commute time is smaller and not significant for 
women with a college degree.  
 
Conclusions 
 The empirical finding on the negative relationship between commute time and the LFP of 
married women by Black et al. (2014) is based on aggregate data that does not take into account 
a within-city variation. Consequently, it is important to evaluate the appropriateness of an MSA 
as a geographical entity. Using the 2007 ACS 1-year PUMS data, I estimate the effect of 
commute time on the LFP of married women at smaller geographical scales within 147 largest 
MSAs, and examine whether or not an MSA is a proper unit for the estimations by comparing 
the coefficients on commute time at each geographical entity. In addition, the effect of commute 
time on hours worked and the ratio of self-employed is also evaluated. I demonstrate that even 
though there exists the negative effect of commute time on the LFP of married women across 
smaller entities within an MSA, commute time’s effect at smaller entities is not statistically 
                                                        
19 In the dataset of this study, the average commuting time of self-employed married women and employees are 20 
minutes and 24 minutes, respectively. 
 24 
different from one at the MSA level. Longer commute time is associated with shorter hours 
worked and lower level of self-employed women. 
 My findings are important in several ways. This study shows an MSA is the proper unit 
of observation.  It indirectly indicates that it is common pattern to travel from the suburbs into 
downtown. Thus, easier access to the center of a city could encourage married women to 
participate in labor market. Almost all commuters, however, use their own cars.20 If it is 
considered, any policy improving accessibility and convenience of public transportation to 
downtown as well as expansion and maintenance of the road would help increase in the LFP of 
married women. 
 Another finding is that the LFP, hours worked, and the ratio of self-employed of married 
women with a high school education, in general, are more sensitive to the change in commute 
time.  
In addition, if it is admitted that longer commute time is associated with more daily hours 
worked by previous studies, the negative relationship between hours worked and commute time 
shown in this study demonstrates that decline in the number of commutes per week is caused by 
the level of congestion in a city. Therefore, it would be interesting to examine how people 
distribute their hours according to the level of congestion using the time-use survey data 
 
 
 
 
 
                                                        
20 91.7% of employed married women use their own car to commute. 
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Table 4.  Results from Regression of Female LFP Rate 
  Tract   PUMA   Super-PUMA   MSA 
  
Median 
Earning 
Wage1    
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined 
Housing Price 
Index 
-0.0546** -0.00373  -0.096** -0.0741** -0.0464**   -0.092** -0.0345* -0.0443**   -0.0044 -0.0301 -0.00874 
(0.00281) (0.00295)  (0.0176) (0.0158) (0.0137)  (0.0190) (0.0155) (0.0142)  (0.0292) (0.0256) (0.0245) 
Single 
Women's 
Wage 
0.000331** 0.0415**  -0.0440 -0.0196 -0.0405  0.0769 -0.119* 0.0531  0.0309 -0.266* -0.0732 
(5.90e-06) (0.00608)  (0.0361) (0.0360) (0.0281)  (0.0690) (0.0564) (0.0515)  (0.117) (0.103) (0.0983) 
Unemployment 
rate 
-0.146** -0.333**  -0.0216 0.745** 0.0879  -0.655** 0.662** -0.0863  -0.699* 0.460 -0.366 
(0.00905) (0.00869)  (0.0975) (0.0891) (0.0739)  (0.159) (0.130) (0.118)  (0.347) (0.304) (0.291) 
Commuting 
Time 
-0.0529** -0.025**  -0.0810 -0.0107 -0.117**  -0.260** -0.0602 -0.212**  -0.171 -0.0706 -0.149 
(0.00645) (0.00665)  (0.0503) (0.0440) (0.0389)  (0.0676) (0.0553) (0.0505)  (0.159) (0.140) (0.133) 
Constant 55.15** 62.16**  75.14** 75.47** 77.31**  81.20** 77.56** 78.92**  78.34** 81.60** 80.33** 
(0.231) (0.213)  (1.601) (1.449) (1.231)  (2.283) (1.866) (1.706)  (4.313) (3.782) (3.614) 
Adjusted R-
square  
0.098 0.035   0.037 0.085 0.029   0.151 0.127 0.089   0.015 0.102 0.011 
Observation2 44,585   1,436 1,428 1,452   425   147 
Note: Standard errors in parenthesis.             
† p<0.1; * p<0.05; ** p<0.01             
Note:               
1. The single women’s wage in a certain PUMA is assigned to all census tracts within the PUMA. 
2. Total 1,464 PUMAs exist in data. However, some PUMAs are removed because no observation matched with conditions is found in the PUMAs when LFP of married 
women is calculated. 
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Table 5.  Results from Regression of Female LFP Rate with MSA Fixed Effects  
  Tract   PUMA   Super-PUMA 
  
Median 
Earning 
Wage1    
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined 
Housing Price Index -0.000645 0.0758**  -0.118** -0.212** -0.0710*   -0.155** -0.105** -0.0669* 
(0.00540) (0.00550)  (0.0376) (0.0336) (0.0288)  (0.0448) (0.0374) (0.0311) 
Single Women's Wage 0.000271** 0.00695  -0.0660† 0.00324 -0.0565†  0.0301 -0.0454 0.0359 
(6.06e-06) (0.00619)  (0.0375) (0.0384) (0.0289)  (0.0850) (0.0709) (0.0589) 
Unemployment rate -0.145** -0.290**  0.0239 0.565** 0.0941  -1.177** 0.685** -0.201 
(0.00908) (0.00867)  (0.116) (0.106) (0.0869)  (0.228) (0.190) (0.158) 
Commuting Time -0.0186* -0.00835  -0.0638 -0.123* -0.150**  -0.327** -0.154† -0.319** 
(0.00735) (0.00752)  (0.0698) (0.0618) (0.0533)  (0.108) (0.0900) (0.0748) 
Constant 54.32** 59.96**  75.42** 82.96** 79.18**  88.86** 80.64** 83.54** 
(0.305) (0.294)  (2.807) (2.526) (2.147)  (4.596) (3.836) (3.189) 
Adjusted R-square  0.173 0.136   0.108 0.135 0.121   0.331 0.275 0.378 
Observation2 44,585   1,439 1,428 1,452   4133 
Note: Standard errors in parenthesis.         
† p<0.1; * p<0.05; ** p<0.01         
Note:           
1. The single women’s wage in a certain PUMA is assigned to all census tracts within the PUMA. 
2. Some PUMAs are removed because no observation matched with conditions is found in the PUMAs when LFP of married women is calculated. 
3. One Super-PUMA contains two whole MSAs, and four Super-PUMAs contain a whole MSA and another MSA partially, and seven Super-PUMAs are located across 
two MSAs. Therefore, total twelve located across two MSAs. Therefore, total twelve Super-PUMAs are removed. 
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Table 6.  Results from Regression using 48 MSAs 
  General Regression Weighted Regression 
  
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined 
Housing Price Index -0.0314 -0.0244 -0.0257  -0.0481 -0.0361 -0.0396 
(0.0371) (0.0341) (0.0332)  (0.0349) (0.0280) (0.0301) 
Single Women's 
Wage 
-0.158 0.0768 -0.0624  -0.0690 0.202 0.0511 
(0.302) (0.277) (0.270)  (0.333) (0.266) (0.286) 
Unemployment rate -0.0402 0.755 0.219  -0.569 0.490 -0.216 
(0.581) (0.533) (0.519)  (0.545) (0.436) (0.469) 
Commuting Time -0.253 -0.372 -0.258  -0.240 -0.333† -0.227 
(0.242) (0.222) (0.216)  (0.209) (0.168) (0.180) 
Constant 81.69** 80.48** 80.48**  83.41** 78.93** 80.51** 
(6.361) (5.835) (5.681)  (6.023) (4.818) (5.186) 
Adjusted R-square  0.098 0.086 0.069   0.199 0.140 0.124 
Observation 48 
Note: Standard errors in parenthesis.     
† p<0.1; * p<0.05; ** p<0.01     
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Table 7.  Results from Weighted Regression of Female LFP Rate 
  Tract   PUMA   Super-PUMA   MSA 
  
Median 
Earning 
Wage1    
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined 
Housing Price 
Index 
-0.0700** -0.021**  -0.101** -0.0988** -0.0658**   -0.066** -0.0404** -0.0378**   -0.053* -0.0194 -0.0355† 
(0.00297) (0.00319)  (0.0138) (0.0131) (0.0106)  (0.0166) (0.0150) (0.0136)  (0.0216) (0.0192) (0.0187) 
Single Women's 
Wage 
0.000356** 0.0553**  -0.0607* -0.0246 -0.0277  -0.0428 -0.146* -0.0338  0.0916 -0.173 0.0163 
(7.14e-06) (0.00820)  (0.0294) (0.0281) (0.0227)  (0.0628) (0.0570) (0.0515)  (0.140) (0.125) (0.122) 
Unemployment 
rate 
-0.146** -0.393**  -0.191† 0.900** 0.125  -0.320† 0.872** 0.0981  -0.327 0.542† -0.0997 
(0.0111) (0.0105)  (0.102) (0.0972) (0.0784)  (0.166) (0.151) (0.136)  (0.311) (0.277) (0.269) 
Commuting 
Time 
-0.0568** -0.0149†  -0.0890* -0.0494 -0.130**  -0.156** -0.105* -0.175**  -0.243* -0.241* -0.229* 
(0.00746) (0.00784)  (0.0368) (0.0350) (0.0284)  (0.0557) (0.0506) (0.0457)  (0.114) (0.108) (0.105) 
Constant 55.35** 62.87**  77.18** 75.98** 77.77**  78.90** 78.13** 78.63**  78.76** 82.22** 79.21** 
(0.280) (0.253)  (1.295) (1.233) (0.997)  (2.083) (1.891) (1.708)  (3.275) (2.920) (2.836) 
Adjusted R-
square  
0.11 0.038   0.074 0.139 0.075   0.110 0.197 0.100   0.136 0.187 0.109 
Observation2 44,585   1,436 1,428 1,452   425   147 
Note: Standard errors in parenthesis.             
† p<0.1; * p<0.05; ** p<0.01             
Note:               
1. The single women’s wage in a certain PUMA is assigned to all census tracts within the PUMA. 
2. Total 1,464 PUMAs exist in data. However, some PUMAs are removed because no observation matched with conditions is found in the PUMAs when LFP of married 
women is calculated. 
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Table 8.  Results from Weighted Regression of Female LFP Rate with MSA Fixed Effects  
  Tract   PUMA   Super-PUMA 
  
Median 
Earning 
Wage1    High School 
Bachelor's 
Degree 
Combined   High School 
Bachelor's 
Degree 
Combined 
Housing Price Index -0.0201** 0.0559**  -0.173** -0.219** -0.124**   -0.132** -0.0816* -0.0557* 
(0.00629) (0.00650)  (0.0280) (0.0272) (0.0204)  (0.0352) (0.0339) (0.0267) 
Single Women's Wage 0.000291** 0.0153*  -0.0646* 0.00744 -0.0258  -0.123† -0.134* -0.0872† 
(7.60e-06) (0.00706)  (0.0290) (0.0284) (0.0212)  (0.0691) (0.0664) (0.0522) 
Unemployment rate -0.130** -0.317**  -0.213† 0.746** 0.130  -0.728** 0.901** 0.104 
(0.0114) (0.0108)  (0.114) (0.111) (0.0827)  (0.228) (0.219) (0.172) 
Commuting Time -0.0307** -0.00997  -0.126* -0.113* -0.187**  -0.271** -0.133† -0.267** 
(0.00863) (0.00904)  (0.0498) (0.0484) (0.0363)  (0.0818) (0.0786) (0.0619) 
Constant 54.86** 60.92**  80.22** 80.95** 80.76**  87.74** 79.63** 82.72** 
(0.372) (0.354)  (2.109) (2.052) (1.537)  (3.727) (3.580) (2.818) 
Adjusted R-square  0.195 0.153   0.266 0.287 0.346   0.457 0.441 0.531 
Observation2 44,585   1,439 1,428 1,452   4133 
Note: Standard errors in parenthesis.         
† p<0.1; * p<0.05; ** p<0.01         
Note:           
1. The single women’s wage in a certain PUMA is assigned to all census tracts within the PUMA. 
2. Some PUMAs are removed because no observation matched with conditions is found in the PUMAs when LFP of married women is calculated. 
3. One Super-PUMA contains two whole MSAs, and four Super-PUMAs contain a whole MSA and another MSA partially, and seven Super-PUMAs are located across two 
MSAs. Therefore, total twelve located across two MSAs. Therefore, total twelve Super-PUMAs are removed. 
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Table 9.  Results from Coefficient Comparison  
  General Regression   Weighted Regression 
Null Chi2(1) Prob > Chi2   Chi2(1) Prob > Chi2 
     𝜃𝑡𝑟𝑎𝑐𝑡 =  𝜃𝑚𝑠𝑎 1.30 0.255  8.24 0.004 
𝜃𝑡𝑟𝑎𝑐𝑡 =  𝜃𝑚𝑠𝑎 0.78 0.378  4.73 0.029 
𝜃𝑝𝑢𝑚𝑎 =  𝜃𝑚𝑠𝑎 , 0.08 0.783  0.93 0.336 
    𝜃𝑆𝑝𝑢𝑚𝑎 =  𝜃𝑚𝑠𝑎, 0.27 0.606   0.05 0.832 
Note: At Census tract level, two different kinds of wage are used. The first low shows the results 
when the wage at a PUMA is assigned to tracts which are located within the PUMA. The second low 
comes when median earnings of female in the tract are used instead of the wage at a PUMA. 
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Table 10.  Results from Regression of Hours Worked 
  General Regression   Weighted Regression 
 Total  Employed  Total  Employed 
  
High 
School 
Bachelor'
s Degree 
Combined   
High 
School 
Bachelor'
s Degree 
Combined   
High 
School 
Bachelor'
s Degree 
Combined   
High 
School 
Bachelor'
s Degree 
Combined 
Housing 
Price Index 
-0.0147 -0.031** -0.0186*  -0.019** -0.0265** -0.0210**   -0.039** -0.022** -0.029**   -0.027** -0.018** -0.021** 
(0.011) (0.0112) (0.0088)  (0.007) (0.0085) (0.007)  (0.0078) (0.0084) (0.0069)  (0.0061) (0.0059) (0.0055) 
Single 
Women's 
Wage 
0.0495 -0.0415 0.0201  0.0682* 0.0496 0.0619*  0.122* 0.0130 0.0936*  0.127** 0.0693† 0.106** 
(0.042) (0.0451) (0.0353)  (0.028) (0.0340) (0.0276)  (0.0506) (0.0550) (0.0449)  (0.0399) (0.0386) (0.0358) 
Unemploy
ment rate 
-0.372** 0.249† -0.187†  -0.111 0.0491 -0.0650  -0.263* 0.134 -0.172†  -0.210* -0.0854 -0.185* 
(0.124) (0.133) (0.104)  (0.082) (0.100) (0.0818)  (0.112) (0.122) (0.0994)  (0.0882) (0.0853) (0.0792) 
Commutin
g Time 
-0.110† -0.0287 -0.0837†  -0.0547 0.00603 -0.0307  -0.180** -0.104* -0.124**  -0.101** -0.00754 -0.0434 
(0.0569) (0.0612) (0.0479)  (0.037) (0.0461) (0.0375)  (0.0413) (0.0448) (0.0366)  (0.0325) (0.0314) (0.0291) 
Constant 32.30** 32.18** 32.55**  38.07** 37.71** 38.02**  32.95** 33.26** 32.47**  38.85** 38.00** 38.08** 
(1.541) (1.657) (1.298)  (1.014) (1.248) (1.016)  (1.181) (1.282) (1.047)  (0.930) (0.899) (0.834) 
Adjusted 
R-square  
0.094 0.107 0.075   0.082 0.042 0.062   0.381 0.188 0.274   0.237 0.048 0.137 
Observation 147 
Note: Standard errors in parenthesis.             
† p<0.1; * p<0.05; ** p<0.01             
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Table 11.  Results from the Regression of Self-employed 
  General Regression   Weighted Regression 
 Total  Employed  Total  Employed 
  
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined   
High 
School 
Bachelor's 
Degree 
Combined 
Housing 
Price Index 
0.0750** 0.0862** 0.0791**  0.0876** 0.0962** 0.0900**   0.0530** 0.0555** 0.0541**   0.0686** 0.0633** 0.0657** 
(0.0111) (0.0116) (0.009)  (0.013) (0.0127) (0.0104)  (0.0082) (0.0091) (0.0073)  (0.00961) (0.0102) (0.0085) 
Single 
Women's 
Wage 
0.0838† -0.0263 0.0455  0.0944† -0.0123 0.0586  0.0933† 0.0381 0.0709  0.0920 0.0448 0.0716 
(0.0447) (0.0465) (0.0362)  (0.0540) (0.0510) (0.0416)  (0.0534) (0.0591) (0.0478)  (0.0626) (0.0668) (0.0553) 
Unemployme
nt rate 
0.0176 -0.220 -0.0710  0.0724 -0.293† -0.0667  -0.0883 -0.124 -0.114  -0.0738 -0.180 -0.124 
(0.132) (0.138) (0.107)  (0.160) (0.151) (0.123)  (0.118) (0.131) (0.106)  (0.138) (0.148) (0.122) 
Commuting 
Time 
-0.190** -0.0545 -0.124*  -0.201** -0.0564 -0.126*  -0.300** -0.0945† -0.195**  -0.316** -0.0825 -0.196** 
(0.0607) (0.0631) (0.0491)  (0.0732) (0.0692) (0.0564)  (0.0435) (0.0482) (0.0389)  (0.0510) (0.0544) (0.0450) 
Constant 9.805** 9.433** 9.260**  10.56** 10.29** 9.929**  13.46** 9.728** 11.49**  14.66** 10.36** 12.38** 
(1.644) (1.708) (1.330)  (1.983) (1.876) (1.529)  (1.245) (1.379) (1.114)  (1.459) (1.557) (1.289) 
Adjusted R-
square  
0.330 0.318 0.431   0.313 0.340 0.432   0.374 0.327 0.411   0.390 0.351 0.431 
Observation 147 
Note: Standard errors in parenthesis.             
† p<0.1; * p<0.05; ** p<0.01             
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Chapter 3. The effect of congestion on labor participation decision of married women using 
discrete-choice model 
 
Introduction 
The most striking feature of the labor market in the United State over time is a drastic 
increase in the labor force participation (LFP) of women. Even as the LFP rate of men has 
continually decreased after World War II, from 86.4 percent in 1950 to 73.3 percent in 2005, the 
participation rate of women has almost doubled during the same period, from 33.9 percent in 
1950 to 59.3 percent in 2005.21 This trend has also been observed in most OECD countries. The 
female LFP rate, however, varies across countries because each country has its own timing of the 
increase and characteristics that may have a significant effect on women’s market participation. 
For example, in 2008, the female LFP rate was 85.4 percent in Iceland, 78.9 percent in Norway, 
78.5 percent in Switzerland, 48 percent in Chile, 47.5 percent in Mexico and 27.4 percent in 
Turkey.22 Generally, cross-country variation in the female LFP rate can be explained by cultural 
differences and labor market policies. For example, family taxation, childcare subsidies and 
parental leave are considered as main policies affecting the choice of women. 
Notably, a wide variation in the female LFP rate is observed across cities within the 
United States just as across countries. Black et al. (2014) draw attention to the fact that in 2000, 
the LFP rate of women with a high school diploma ranged from 49 percent in New York to 79 
percent in Minneapolis. Such cross-city difference in the LFP rate of women can hardly be 
explained by the same type of policies and cultural differences that explain the international 
                                                        
21 Statistical Abstract of the United States: 2012, page 377 for 2005 and Howard N Fullerton, Jr. (1999), “Labor 
force participation: 75 years of change, 1950-98 and 1998-2025” Monthly Labor Review, December 1999 for 1950 
22 Organization for Economic Cooperation and Development (OECD), 2014, “Labour Market Statistics: Labour 
Force Statistics by Sex and Age: Indicators,” OECD Employment and Labour Market Statistics database 
(copyright), <http://dx.doi.org/10.1787/data-00288-en> accessed July 2014 
 34 
differences, as they are largely (if not completely) similar across cities within the U.S. Therefore, 
it can be inferred that cross-city variation depends on factors in the local labor market.  
 In this context, it would be important and meaningful to find the local factors leading to 
cross-city variation and to examine the effect of them on the female LFP rate, since few studies 
have paid attention to this issue.  Among alternative explanations, Black et al. (2014) highlight 
the important role played by traffic congestion in the local labor market factor. They show that 
an increase in commute time, as the measure of traffic congestion, is correlated with a decrease 
in the LFP of married women.  
 Black et al. (2014) may have discovered an important empirical relationship between 
female LFP and commuting time. A question, however, remains before the interpretation of this 
correlation as a causal effect of traffic congestion can be settled. They ignored the possibility of 
endogeneity between congestion and LFP of women. Specifically, two types of endogeneity 
should be considered. One possibility is that unobserved factors in a city can encourage more 
women to work. Since most commuters use their own cars, more women on the road may cause 
worse traffic condition. Then, their estimates will be biased toward a positive correlation. The 
other possibility is that a family decides first whether or not the wife will work, then finds a city 
with lower commuting times. As a consequence, cities with low traffic congestion will attract 
families where the wife wants to work, a standard Tiebout selection effect. This may 
overestimate the negative effect of the congestion on female LFP23. Thus, it is essential to 
address these endogeneity issues for more accurate assessment of the effect on the female LFP of 
traffic congestion. 
                                                        
23 Gershenson(2013) argues that the shorter commute time of women in previous studies can be caused by the 
endogeneity of household-location decision using the choice by substitute teachers. 
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In order to solve these endogeneity problems, this study employs a structural approach 
with a multinomial logit model in the manner of Bayer et al. (2009) and Berry (1994). This 
estimation procedure can be divided into two stages. At the first stage, a specific discrete-choice 
model of residential decision is established to estimate city-specific fixed effects, which indicate 
a composite utility at the city-level. At the second stage, we examine the relationship between 
the estimated fixed effects and local amenities including the commute time. The commute time is 
possibly correlated with error term in this stage. Thus, instrumental variables (IV) are used to 
adjust for the endogeneity problem.  
Using the 5% PUMS file of the 2000 US Census and 2007 ACS 1-year PUMS file that 
provide information on the characteristics of housing unit and individuals, this study shows that 
commute time is associated with error term. I also find that the extent to which women with jobs 
prefer to less congested city compared to housewives gets stronger when they have children. It 
suggests that the role of congestion on labor supply of married women should be considered by 
the comparison between groups by individual characteristic, which is presence of children. 
Therefore, the relationship between commute time and LFP of married women by Black et al. 
(2014) is partially supported by this study. 
This paper is planned as follows. Section 2 provides a brief review of previous literatures. 
In Section 3, we describe the model and IV strategy. Section 4 considers the data set. After 
Section 5 reports the estimation results, Section 6 provides conclusion and discussion for further 
research.  
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Previous Literatures 
Traditional economic variables such as a market wage, husband’s income, wealth and 
education levels have been revealed by a number of studies to affect the LFP of married women 
(Cain, 1966; Fosu, 1990; Mincer, 1962). However, factors in the local labor market are not often 
highlighted as important variables that have significant effect on the LFP of married women. 
Fosu (1999) takes account of one factor in a local market, the cost of living (COL), as a 
main variable driving the change in the LFP of married women. In order to obtain a reliable 
measure of COL, he uses an equation containing housing values and regional variables reflecting 
local amenities as regressors based on a sample of the 150 largest MSAs in 1980. He 
hypothesizes that a family with greater preference for better amenities, which are usually 
provided in the areas with high COL, would supply more labor to acquire and maintain the life in 
the region, and this positive effect outweighs the negative effect of COL on a real wage from a 
substitution effect, which might reduce the labor supply if this dominates the income effect. 
Thus, he anticipates COL has a positive impact on the LFP of married woman. The empirical 
tests using the logit model support his theoretical prediction. Fosu (1999) illustrates the positive 
relationship between the LFP of married women and COL as a local factor. One of disadvantage 
in this study, however, is that COL is an index. Since an index is influenced by the method of 
estimation as well as the variables included in the estimation, a region can have different COLs. 
Therefore, it is important to find specific local components that may affect married women’s 
decisions on labor supply.  
In this context, early studies on gender difference in commuting distance provide a clue 
to find a crucial factor in local labor market. White (1977) theoretically shows that households 
with working women choose their residential locations where the wife’s travel is shorter than the 
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husband’s. Ericksen (1977) and Madden and White (1978) argue that women’s dual 
responsibilities as a secondary income earner in the household and a mother who takes care of 
children and housework leads them to choose a shorter commuting distance to accommodate 
time demands. MacDonald and Peters (1998) summarize a number of studies reinforcing the 
finding that married women have shorter commutes than do men.  
The shorter commuting distance of married women may be interpreted as a strong 
preference for short commute times as compared to men. Thus, shorter time for the same 
distance may imply that married women would supply more labor, ceteris paribus, because 
shorter commute times are helpful to control time demands. A primary factor determining 
commute time is the traffic congestion. Indeed, traffic congestion and commute time are nearly 
synonymous. Although some cities provide public transit such as the subway, congestion has a 
significant effect on time on the roads, since most people in cities use their own car to commute. 
Hence, it can be inferred that the congestion affects the LFP of married women. 
Some previous literatures (Gutiérrez-i-Puigarnau and Van Ommeren, 2010; Gershenson, 
2013) show that female’s labor supply is more sensitive to commuting time or distance than 
men’s. They, however, just compare the effect of commuting time on the female labor supply 
with men’s. On the other hand, Black et al. (2014) focus on two interesting features of the labor 
market in the U.S. One is the large variation in female LFP across MSAs. The other is the huge 
difference in timing and magnitude of the increase across MSAs. They show that commuting 
times, the measure of traffic congestion, is a critical factor in a local market causing these cross-
sectional variation in the female LFP rate as well as timing and magnitude of the increase in the 
female LFP rate. Using a theoretical model with fixed cost, they anticipate several types of effect 
of commuting time on the LFP of married women. A series of empirical tests support their 
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predictions. The tests are conducted with the data on married non-Hispanic white women aged 
between 25 and 55 living in the 50 largest MSAs. First, empirical evidence indicates that MSAs 
with longer commuting time experience a lower level of LFP of married women at both the MSA 
and individual level. Among individual groups, secondly, women with a high school diploma 
and with young children under 5 are revealed to be most sensitive to the commuting times. In 
addition, the expectation that married men work longer hours during a given period, so they 
retire at a younger age is also supported by empirical analyses. Apart from the theoretical 
predictions, they examine the effect of the change in commuting times at MSA-level on the 
change in the LFP of married women over the same period. A difference-in-difference analysis 
demonstrates that cities with a larger increase in commute time experience slower growth in the 
LFP of women.  
 
Model 
Linear regression is perhaps the most widely used model, as it is simple and can be well 
understood. Moreover, the sign and magnitude of coefficients guide us to infer how independent 
variables affect the dependent variable. Thus, Black et al. (2014) take advantages of linear 
regressions to examine the effect of congestion on LFP of married women using the following 
equation. 
             𝐿𝐹𝑃𝑖 =  𝛼 +  𝛽𝐻𝑂𝑈𝑆𝑖 +  𝛾𝑊𝐴𝐺𝐸𝑖 +  𝛿𝑈𝑁𝐸𝑀𝑖 +  𝜃𝐶𝑂𝑀𝑀𝑖 +  𝜀𝑖                       (1) 
where 𝐿𝐹𝑃𝑖, is labor force participation rate of married women in area i. 𝐻𝑂𝑈𝑆𝑖 is housing price 
index in area i. 𝑊𝐴𝐺𝐸𝑖 is the wage of single women, and 𝑈𝑁𝐸𝑀𝑖 is unemployment rate for men 
in area i. 𝐶𝑂𝑀𝑀𝑖 is the mean of commuting time in area i. 𝜀𝑖 is error term. However, the linear 
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regression model also has weakness. The first one is that the linear regression model cannot 
precisely reflect Tiebout selection effects.  
The seminal paper by Tiebout (1956) notes that individuals move from one community to 
another in order to maximize their utility. Since each community provides a different set of 
public services, individuals can choose one of them by costless moving to meet their needs. 
Better public services should entail more expenditure, which means the residents should pay 
more taxes.  Therefore, his hypothesis suggests a non-political answer to the free rider problem. 
Oates (1969) supports the Tiebout hypothesis by showing that people want to live in a 
community offering better quality of public services even though they have to pay more taxes. 
One thing, here, to point out is that the quality of public service is not the only factor that people 
consider when they choose a community to live in. They should consider how much they can 
earn or have to spend on housing in a community where they live. In addition, they may take 
account into the climate as well as the crime rate or accessibility to shopping. The Rosen-Roback 
model explains how these factors work in the process of consumer’s choice of community. 
Rosen (1974) shows theoretically how implicit prices are associated with N attributes of 
individual goods in competitive markets. Even though it is established on the prices of product 
markets, Roback (1982) takes the theoretical framework and demonstrates in her theoretical 
analysis that the implicit price of the amenity is reflected in both the wage and the rent, not only 
in land prices. The empirical work finds that a large portion of the wage gap across locations can 
be explained by local amenities. In other words, the model tells us that if wages, housing costs or 
amenities are attractive in one location, the others should offset the attractiveness. The spatial 
equilibrium assumes constant utility over locations. That is, no gain can be obtained by changing 
location. Consequently, the Rosen-Roback model presents the tradeoff among wage, amenities 
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and housing costs. If housing costs are relatively high in a city, people living in the city should 
get higher wage or better amenities or both than those of other cities. Their decision on where to 
live depends on their preferences for the local attributes including wages and housing costs. For 
example, retired people would want to live in the place with nice weather even though the 
housing costs are higher. In contrast, those who want to earn and save a lot of money may select 
the place where wage is higher regardless of bad weather.  
Roback’s model assumes all households are identical. In this case, they will be indifferent 
between living in different cities, but differences in congestion will effect equilibrium wages and 
women’s LFP. However, we should consider the case of heterogeneity in tastes and in the 
propensity to work. In particular, we should consider the case where households have already 
decided that wives work, and then they want to find the best place for them to live. Goldstein and 
Pauly (1981) and Rubinfeld et al. (1987) point out that the estimation without consideration of 
individuals’ location choice may result in bias. This is also called Tiebout bias. In the context of 
this study, their argument implies that the error term, 𝜀𝑖, in Eq (1) is systematically related to 
congestion if the households make a choice of location based on the taste for LFP of women and 
congestion. The taste for female LFP should be reflected in the error term since the taste is 
unobservable. In the process of sorting, the households with strong unobserved taste for LFP of 
women would want to live in a city with less congestion to save time and money wasted on the 
road. So, an unobservable factor, the taste for LFP of women, should be correlated with 
congestion if the households move among communities according to their taste for female LFP 
and congestion. Unfortunately, the linear regression fails to reflect Tiebout sorting, which results 
in the overestimation of the effect on female LFP of congestion.  
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Besides Tiebout sorting caused by unobserved taste for LFP of women, 𝜀𝑖 may reflect 
other factors affecting commute time. For example, a better child-care system in one area than 
another could attract more married women to work, which causes more congested roads and 
longer commute time. Bates et al. (2001) emphasize the importance of travel time reliability, 
noting that commuters prefer a reliable route to unreliable one even though the former leads to 
longer commute time. Therefore, a better traffic system and management of sources of traffic 
congestion such as bad weather, car accidents or work zone can reduce commute time. In 
addition, land use, job locations or public transit may affect commute time. Since a variety of 
unobservable factors can lead to a biased effect of congestion, another empirical approach to 
correct biasness in equation (1) is worthwhile. 
Prior to adoption of an alternative empirical strategy, it is necessary to determine whether 
or not commuting time is endogenous because OLS is preferred to IV estimation if there is no 
endogeneity problem. The Hausman Test is employed to check if commuting time (travel) 
suffers from biasness caused by omitted local factors which is correlated with congestion or 
Tiebout sorting. The test examines if the coefficient on the residual that is obtained from the first 
stage estimation is significantly different from zero or not when the original equation including 
the residual is estimated. If the coefficient on the residual is statistically different from zero, then 
it means commuting time is endogenous. In order to conduct the test, total roadway miles per 
people leaving for work during the rush hour (TRMP)24 in a city is used as an instrumental 
variable. This instrumental variable represents the length of roadway that an individual can use 
during the rush hour. Therefore, the lower TRMP is expected to be associated with higher 
congestion causing longer commute time.  
                                                        
24 Rush hour means time between 6:30am and 8:34am. During this period, almost 57% of commuters in the sample 
leave for work. 
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The first column in Table 1 indicates that a 1 mile increase in TRMP leads to almost 7 
min decrease in commute time, which support the expected relationship between them. TRMP, 
however, is not directly related to the LFP rate of married women in a city. This is why TRMP is 
potentially a good instrumental variable. Last three columns shows that the coefficient on the 
residual is different from zero. Consequently, the null-hypothesis that commuting time is 
exogenous is rejected at the 1% level.  Thus, I can conclude that commuting time is endogenous, 
so it is worthwhile to proceed with further study to address endogeneity issues in Black et al 
(2014). 
In order to solve the endogeneity problem, a structural approach is introduced in this 
study in the manner of Bayer et al. (2009) and Berry (1994). This estimation procedure can be 
divided into two stages. At the first stage, a specific discrete-choice model of residential decision 
is established. The multinomial logit model is used to estimate city-specific fixed effects, which 
indicate a composite utility at city-level by household 𝑖 living in the location 𝑗 with wife’s LFP 
status 𝑘. At the second stage, we examine the relationship between the fixed effects obtained in 
the first stage and local amenities including the commute time. In this case, commute time is able 
to be associated with unobservable local factors. Thus, an instrumental variable is employed to 
adjust the endogeneity problem.  
For the first stage estimation, I assume that the utility function for individual 𝑖 choosing 
location 𝑗 with 𝑖′𝑠 LFP status 𝑘, is given by 
                                                          𝑉𝑖𝑗𝑘 =  𝜏′𝜒𝑖𝑗𝑘 +   𝜃𝑗𝑘 + 𝜀𝑖𝑗𝑘                                                              (2) 
where 
𝜏′𝜒𝑖𝑗𝑘 = 𝛼𝑊𝐴𝐺𝐸𝑖𝑗𝑘 + 𝜑𝑊𝐴𝐺𝐸𝑖𝑗𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖 + 𝜅
𝐻1(𝐵𝐼𝑅𝑇𝐻𝐻)𝑖𝑗 +  𝜅
𝑊1(𝐵𝐼𝑅𝑇𝐻𝑊)𝑖𝑗  
                 +𝜔𝐻1(𝐵𝐼𝑅𝑇𝐻𝐻)𝑖𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖 + 𝜔
𝑊1(𝐵𝐼𝑅𝑇𝐻𝑊)𝑖𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖  + 𝜆𝑋𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖  
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                 +𝜇1𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖 + 𝜇2𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖 
                 +  𝜇3𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 ∗ 𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖                                                                          (3) 
 𝜃𝑗𝑘 = 𝛽𝑋𝑗 + 𝛾𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 + 𝛿𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 + 𝜌𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 ∗ 𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 + 𝜉𝑗𝑘             (4)  
𝑊𝐴𝐺𝐸𝑖𝑗𝑘 is the sum of individual 𝑖’s wage and her husband’s wage in the alternative 𝑗𝑘.  
𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 is 1 if individual 𝑖 is working. 𝜒𝑖𝑗𝑘 is a vector of observable characteristics of 
individual 𝑖 in the alternative 𝑗𝑘. 𝐾𝐼𝐷𝑆𝑖 is 1 if individual 𝑖 has kids. 1(𝐵𝐼𝑅𝑇𝐻)𝑖𝑗 is an indicator 
for whether 𝑖 was born in the same state as city 𝑗. Since superscript 𝐻 denotes husbands, 
1(𝐵𝐼𝑅𝑇𝐻𝐻)𝑖𝑗 is equal to 1 if individual 𝑖′𝑠 husband was born in the same state as city 𝑗.  
𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 is a measure of congestion, commute time, in the alternative 𝑗𝑘. 𝑋𝑗 is a vector of 
other observable attributes of the city 𝑗 such as climate, crime rates, local government of 
expenditure, or ratio of the white to total population. 𝜀𝑖𝑗𝑘 represents the unobservable component 
of individual 𝑖′𝑠 utility in the location 𝑗𝑘 whereas 𝜉𝑗𝑘 is a city-specific unobservable factor which 
is assumed to be invariant to each individual in the alternative 𝑗𝑘.  
Each individual maximizes its utility by choosing alternative 𝑗𝑘. If we assume that 𝜀𝑖𝑗𝑘 
are iid type I extreme value, then the probability of individual 𝑖 choosing alternative 𝑗𝑘 can be 
written as  
                                 𝑃(𝑉𝑖,𝑗𝑘 ≥ 𝑉𝑖,𝑙𝑚 ∀ 𝑙𝑚 ≠ 𝑗𝑘) =  
𝑒  𝜏′𝜒𝑖,𝑗𝑘+  𝜃𝑗𝑘
∑ 𝑒  𝜏′𝜒𝑖,𝑙𝑚+  𝜃𝑙𝑚𝐽𝐾𝑙𝑚
                                (5) 
Following Berry (1994) equation (5) is estimated by calculating maximum likelihood function at 
the first stage: 
                                      𝐿(𝜏, 𝜃) =  ∏ ∏ [
𝑒  𝜏′𝜒𝑖,𝑗𝑘+  𝜃𝑗𝑘
∑ 𝑒  𝜏′𝜒𝑖,𝑙𝑚+  𝜃𝑙𝑚𝐽𝐾𝑙𝑚
 ]
𝑍𝑖𝑗𝑘𝐽𝐾
𝑗𝑘=1𝑖∈𝑁
                                       (6) 
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where N is number of individual, and 𝑍𝑖𝑗𝑘 is 1 if individual i choose city jk (= 0 otherwise). The 
estimation of equation (6) is expected to give us the estimates of the vector {𝜏} and {𝜃}. The 
first stage estimation captures heterogeneity by individual 𝑖′𝑠 own characteristics in the utility 
function. In this study, presence of children is used as a characteristic of individuals. If 
individuals do not have kids and do not work, then the effect on the utility function for this group 
is reflected on 𝛾, which is estimated in the second stage. Thus, 𝜇1 captures additional effect of 
congestion for individuals who have kids but do not work. Since {𝜃} are recovered as 
parameters, the parameters in the equation (4), 𝛽, 𝛾, 𝛿, 𝜌, are not estimated in this stage.  
Once the estimates of the vector of 𝜃𝑗𝑘’s are obtained in the first stage, we examine the 
effect of congestion on the estimates of {𝜃} by estimating equation (4) in the second stage. The 
second stage gives average effects and any potential heterogeneity by individual 𝑖′𝑠 choice.  𝛾 
indicates the base-line effect of congestion, which means all households experience as much as 
𝛾. 𝜌 adjusts the congestion effect when individuals are  are working.  𝜌 < 0 means that working 
women are more sensitive to congestion. Thus, 𝜌 captures the extra effect of congestion on 
sorting behavior by type. 
 
Instrumental variables 
The second issue of the linear regression for the estimation of the congestion effect on 
LFP of women is the endogeneity problem, one of classic problems of OLS. In the second stage, 
the equilibrium sorting may cause the correlation between congestion (𝐶𝑂𝑁𝐺𝐸𝑆𝑇) and city-
specific unobservable factor (𝜉𝑗𝑘). A city with favorable unobserved features may encourage 
more households with working wives to live there, which in turn may lead to more women on the 
road and increasing traffic congestion. Accordingly, the effect of congestion will be biased 
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downward. IV estimation can account for this bias. It is, therefore, essential to find proper 
instruments for congestion. The appropriate instruments should be variables that are correlated 
with congestion, but which are not associated with city-specific fixed effects.  
In this context, I employ three types of instrumental variables. First, predicted share of 
individuals choosing city j based on the exogenous attributes of the city and other sites as well as 
individual characteristics can provide valid instruments for the congestion of city j. Intuitively, 
we can infer that congestion could be more severe in the city where more people live in. 
Therefore, a higher predicted share of individuals is correlated with higher degree of congestion. 
In equation (4), 𝑋𝑗 is assumed to be uncorrelated with 𝜉𝑗𝑘. So, we can assume that 𝑋−𝑗 is also 
uncorrelated with 𝜉𝑗𝑘. In consequence, a combination of 𝑋𝑗 and 𝑋−𝑗 would not correlated with 
𝜉𝑗𝑘. Thus, a particular function of 𝑋𝑗 in all locations and individual’s characteristics can be an 
instrument for congestion because it satisfies two conditions as an instrument variable.  
Bayer and Timmins (2007) and Timmins and Murdock (2007) take advantage of 
equilibrium model of sorting across alternatives. They specify particular function for non-linear 
transformation of exogenous attributes of alternatives and individual characteristics.  
                   𝜎𝑗?̂? =  
1
𝑁
∑
𝐸𝑋𝑃 (?̂?′𝜂𝑖,𝑗𝑘+ 𝑋
′
𝑗𝑘?̂?+ 𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘?̂?)
∑ 𝐸𝑋𝑃 (?̂?′𝜂𝑖,𝑙𝑚+  𝑋
′
𝑙𝑚?̂? + 𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘?̂?)
𝐽𝐾
𝑙𝑚=1
𝑖                                 (7)  
where 
𝜈′𝜂𝑖𝑗𝑘 = 𝛼𝑊𝐴𝐺𝐸𝑖𝑗𝑘 + 𝜑𝑊𝐴𝐺𝐸𝑖𝑗𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖 + 𝜅
𝐻1(𝐵𝐼𝑅𝑇𝐻𝐻)𝑖𝑗 +  𝜅
𝑊1(𝐵𝐼𝑅𝑇𝐻𝑊)𝑖𝑗  
                 +𝜔𝐻1(𝐵𝐼𝑅𝑇𝐻𝐻)𝑖𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖 + 𝜔
𝑊1(𝐵𝐼𝑅𝑇𝐻𝑊)𝑖𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖  + 𝜆𝑋𝑗 ∗ 𝐾𝐼𝐷𝑆𝑖  
                 + 𝜇2𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖                                                                               (8)         
Equation (7) is based on equation (5). The predicted share, however, is formed by only 
exogenous variables, endogenous variable (𝐶𝑂𝑁𝐺𝐸𝑆𝑇) and interaction terms with it are 
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excluded. Therefore, the predicted share, 𝜎𝑗?̂?, can be calculated using ?̂? from the first stage 
estimation, and ?̂? and 𝛿 from the second stage estimation ignoring the endogeneity of commute 
time. These instruments, arguably, may account for the endogeneity problem inherent in the use 
of cross-section data.  
 In addition to the predicted share, I instrument for commuting time using expenditures by 
state for highways as well as TRMP. As explained in the previous essay, people in MSAs usually 
travel from the suburbs into downtown for work using highways. More expenditure for highways 
is likely to provide better road conditions leading to less congestion. Therefore, negative 
relationship between expenditure for highways and commuting time is expected. Besides, TRMP 
can be used as one of instrumental variables. As shown in Table 1, TRMP is negatively 
correlated with commuting time. Since there is no reason to believe that these two variables are 
directly correlated with 𝜉𝑗𝑘, they meet requirements for instrumental variables. 
 
Data 
The main data sources are the 5% PUMS file of the 2000 US Census and 2007 ACS 1-
year PUMS file. Each data source contains the information on the characteristics of housing units 
such as the number of bedrooms, value of the unit and building age. Also provided for each 
housing unit are the characteristics of individuals, each of which is assigned household 
identification number. Thus, variables for individuals - such as sex, age, and level of education - 
and travel time to work can be matched with household measures such as housing attributes and 
prices. 
One important thing to be considered in constructing dataset is the geographic 
equivalency. Since a geographical unit in this study is an MSA, and PUMS file uses a PUMA as 
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a geographical unit, the border between them does not always matched exactly. The PUMS file 
defines a geographical relationship between an MSA and a PUMA. If the whole area of a PUMA 
is included in an MSA, a Federal Information Processing Standard (FIPS) MSA code is assigned 
to the PUMA. In case where a PUMA consists of an MSA and nonmetropolitan territory, and 2 
or more partial and/or entire MSAs form a PUMA, the PUMA is identified as 9997 and 999825, 
respectively. In these cases, it is not possible to recognize whether or not an individual lives 
inside an MSA. Thus, observations located in the PUMAs assigned to 9997 or 9998 and not in a 
metropolitan area are excluded from the dataset. For this reason, three MSAs26 are omitted. For 
example, Figure 1 explains why observations in Charleston, WV are excluded. PUMA 800 
contains Putnam, Kanawha, Boone and Clay counties. However, Charleston, WV is composed of 
Putnam and Kanawha counties. So, PUMA 800 contains observations living outside Charleston, 
WV, too. Since the dataset should not be contaminated by irrelevant observations, which are 
located in Boone or Clay counties, all observations in PUMA 800 are removed because I cannot 
identify who lives in which county using the PUMS file.  
Another consideration is geographical consistency between time periods. This is not an 
issue with PUMAs, whose geographical areas remain the same over the two periods. MSAs, 
however, can experience considerable changes in boundaries over time. Some become larger as 
areas merge, others are divided into two or more MSAs. To address this issue, counties within 
the 147 largest MSAs in 2000 are also used to collect data on local attributes in 2007. Because 
county definition remains largely constant over time, local characteristic variables such as 
population, employment rates and crime rate are acquired based on consistent definitions.    
                                                        
25 9997 and 9998 are defined as Mixed MSA/CMSA and nonmetropolitan territory and 2 or more partial and/or 
entire MSAs/PMSAs, respectively. 
26 Charleston, WV, Huntington-Ashland, WV-OH-KY and New London-Norwich, RI-CT 
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Next, data for the WAGE variable should be considered. When equation (5) is estimated 
in the first stage, the wage that a certain individual would earn in all MSAs is assumed to be 
known. In practice, however, wages are observed for given individuals just in the self-selected 
location where they live and work. Moreover, the wage of wives is unobserved if they do not 
work. Therefore, the wage that would be earned in every location by each individual should be 
computed. This can be done by regressing 𝑊𝐴𝐺𝐸𝑖𝑗 on individual characteristics for every 
location using the microdata on individual attributes. As in Dahl (2002) and Bayer et al. (2009), 
the regressions control for the sorting that happens because people do not choose a specific 
location randomly. It is given by: 
𝑊𝐴𝐺𝐸𝑖𝑗 =  𝛼1,𝑗𝑊𝐻𝐼𝑇𝐸𝑖 +  𝛼2,𝑗𝑀𝐴𝐿𝐸𝑖 + 𝛼3,𝑗𝐴𝐺𝐸𝑖 + 𝛼4,𝑗𝐻𝐷𝑅𝑂𝑃𝑖 +  𝛼5,𝑗𝐻𝐺𝑅𝐴𝐷𝑖       
                        + 𝛼6,𝑗𝐶𝐷𝑅𝑂𝑃𝑖 + 𝛼7,𝑗𝐶𝐺𝑅𝐴𝐷𝑖 + 𝛼8,𝑗𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐸𝐷𝑈 )        
                        + 𝛼9,𝑗[𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐸𝐷𝑈 )]
2 +  𝜀𝑖,𝑗                                                                        (9) 
𝑊𝐻𝐼𝑇𝐸𝑖 and 𝑀𝐴𝐿𝐸𝑖 are 1 if individual 𝑖 is white and male, respectively. 𝐴𝐺𝐸𝑖 is the age of 
individual 𝑖. The next four terms are dummy variables indicating educational level. 𝐻𝐷𝑅𝑂𝑃𝑖 is 1 
if individual 𝑖 does not have a high school diploma. If individual 𝑖 has a high school diploma, 
then 𝐻𝐺𝑅𝐴𝐷𝑖 is 1. If individual 𝑖 spent some years in college or earned an associated degree, 
then 𝐶𝐷𝑅𝑂𝑃𝑖 is 1. 𝐶𝐺𝑅𝐴𝐷𝑖 is equal to 1 if individual 𝑖 has at least a college degree. Last two 
terms in equation (9) represent a quadratic function of the probability that an individual with a 
given education level was born in region 𝑅𝐵 and lives in region 𝑅𝐷. They control for sorting of 
individual across MSAs. Following Dahl (2002), 𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐸𝐷𝑈 ) is given by: 
𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐸𝐷𝑈 ) =  𝐻𝐷𝑅𝑂𝑃𝑖 ∙ 𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐻𝐷𝑅𝑂𝑃 ) + 𝐻𝐺𝑅𝐴𝐷𝑖 ∙ 𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐻𝐺𝑅𝐴𝐷 )                                            
                                       + 𝐶𝐷𝑅𝑂𝑃𝑖 ∙ 𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐶𝐷𝑅𝑂𝑃 ) +  𝐶𝐺𝑅𝐴𝐷𝑖 ∙ 𝑃( 𝑅𝐵,𝑅𝐷 ∣∣ 𝐶𝐺𝑅𝐴𝐷 )   (10) 
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By estimating equation (9), the estimated coefficient on each variable, 𝛼𝑙,?̂? (𝑙 = 1,2, … ,9), is 
obtained. Then, predicted wage of individual 𝑖 at city 𝑗, 𝑊𝐴𝐺𝐸𝑖,𝑗̂ , can be calculated, and 
substitutes for 𝑊𝐴𝐺𝐸𝑖𝑗𝑘 in equation (3) that is the first stage equation accounting for the 
determinants of the utility function of individuals.  
In this process, it should be noted that about 30 percent of individuals in the Current 
Population Survey (CPS) do not report their earnings27, and inclusion of their imputed earnings 
in the wage equation causes significant bias in coefficient estimates because the imputation 
process28 may result in a mismatch between donors and non-respondents (Bollinger and Hirsch, 
2013; Bollinger and Hirsch, 2006; Hirsch and Schumacher, 2004). Especially, Bollinger and 
Hirsch (2013) find that exclusion of imputed earners from OLS wage regressions is sufficient to 
correct bias in coefficient estimates caused by match bias. As a result, I omit all imputed earners 
in estimating equation (9). 
Table 2 represents the results from a series of MSA-level linear regressions to generate 
estimates for predicted wage of individual 𝑖 at city 𝑗. Since all results from the 147 MSA-specific 
regressions cannot be reported, the first column of each year shows result of New York city, NY, 
which is the biggest city in terms of population, second columns are for Johnstown, PA that is 
the smallest city in this study, and the estimates from a regression using all observations are 
reported in the last column. Results in Table 2 are not quite different from common expectations. 
Men’s wage is higher than women’s. Wage increases as people get older. Because the sample 
includes married non-Hispanic white women aged 25 to 55 and their husbands, most of them are 
currently working. Thus, returns to wage reflect more experience. In addition, higher education 
                                                        
27 18.7 percent and 8.9 percent of individuals in the sample of this study have their earnings imputed in 2000 and 
2007, respectively. 
28 “Hot deck” or “Cell hot deck” imputation procedure is used. Details in Hirsch and Schumacher (2004). 
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level is associated with higher wage. The wage gap, however, between those with and without a  
high school diploma is not obvious. Even though 𝛼5̂ seems to be positive and significant in Table 
2, only 9 and 7 MSAs out of 147 MSAs have positive and statistically significant 𝛼5̂ in 2000 and 
2007, respectively.  On the other hand, in over 100 MSAs 𝛼7̂ is significant and the magnitude is 
greater than 𝛼5̂ and 𝛼6̂ in both years. It represents that obvious wage gap between those with no 
high school diploma and those with a college degree. One interesting result is the difference in 
coefficients on 𝑊𝐻𝐼𝑇𝐸 across cities. Even though over 100 MSAs do not show a white 
premium, the premium for the white is mainly observed in large cities of which population is 
over 1 million. Even negative coefficient on 𝑊𝐻𝐼𝑇𝐸, which means the disadvantage on the 
white, is observed in some cities, but they are significant only in 3 cities in both years.  
Using coefficients estimates in the equation (9) for each city and characteristics of 
individuals, predicted wage of each individual across cities can be calculated. Since each city is 
divided into two alternatives, which means a city where wives work or do not work, husbands 
have the same predicted wages in two alternatives from the same city. Predicted wages for 
wives, however, in the alternatives with no work are zeros. In the first stage estimation, wages 
are reflected in the natural log form of predicted households’ wages. Thus, predicted households’ 
wage less than 1 are converted into 1.  
For the estimation of equation (4) at the second stage, data on 𝑋𝑗 including a set of local 
amenities and local economic status are required. Information comes from a variety of sources. 
Table 2 reports summary statistics and the sources of data. Most variables are obtained by 
aggregating up county level data based on the geography of 2000 to maintain the geographic 
 51 
consistency between two years.29 People, on average, spend 24 minutes to get to work. The 
commuting time of New Yorkers is the longest, 34 minutes, which is almost two times of that of 
people in Lubbock, TX. There is no big difference in commute time between the two years. 
Other variables also do not show significant difference between two years. Heating and cooling 
degree days for 2007 is same to 2000 since the climate does not easily change. 
 
Results 
Table 4 reports parameter estimates from the maximum likelihood estimation of equation 
(6). These estimates describe how preferences for utility factors change with the presence of 
children. Results for 2000 are represented in the first three columns according to the model 
specification. In general, households are expected to choose cities where they can earn higher 
household’s wage. The result, however, does not support this intuition. Even though the 
coefficients on the households’ wage are positive, they are not significant across models in both 
years.  
The models do show that people prefer to live in their birth state. The presence of 
children enhances the increment in the utility by place of birth. This shows that people prefer to 
the place with which they are familiar. One interesting result is that women with children prefer 
cities with lower income and local government expenditure. The results for 2007 are similar to 
those for 2000. Nevertheless, the effects of income and local government expenditure per capital 
are statistically insignificant, and place of birth does not have additional effect on those with 
children. In addition, households with children are found to give the priority to the area with 
more the white compared to those without children. 
                                                        
29 Since 2000, there is no change in county borders except Broomfield County, CO, which was created from parts of 
Adams, Boulder, Jefferson, and Weld counties effective November 15, 2001. 
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In addition, the estimates of 𝜃𝑗𝑘’s, city-specific effects, are obtained in this stage. Since 
city-specific effects are captured in the coefficients on dummies for 294 alternatives in 
estimating equation (6), I set city-specific effect for Albany, NY with working women as zero. 
Consequently, fixed effects for other cities are represented as relative degree to Albany, NY. 
Therefore, positive 𝜃𝑗𝑘 means better place than Albany, NY. The estimates of Top 20 and bottom 
20 alternatives are reported in Table 5. Well-known bigger cities such as Los Angeles, CA, 
Seattle, WA or Washington, DC where women work are ranked in top 20 alternatives. It 
demonstrates that people prefer bigger cities that are believed to provide better amenities if any 
job is available to afford them. Alternatives where size is relatively small and women do not 
work show low level of composite utility at city-level. 
Once these city-specific effects are estimated in the first stage, they are used as the 
dependent variables in the second-stage estimation, which illustrates how city amenities 
including congestion and its interaction term affect city-specific effects. Since the first stage and 
second stage capture the heterogeneity by individual’s own characteristic, which is the presence 
of children in this study, and individual’s residential choice, respectively, people can be divided 
into four groups according to their characteristics and residential choice. Therefore, a 
comprehensive understanding of the impact of congestion is available by clear specification of 
the effect of congestion for each group. The combination of coefficients on 𝐶𝑂𝑁𝐺𝐸𝑆𝑇 and its 
interaction term, 𝜇1, 𝜇3, 𝛾 and 𝜌, by types of individuals is illustrated in Table 6.  
First, I look at the results using the data of 2000. The first three columns in Table 4 show 
the first-stage estimation results, and Table 7 through Table 9 represent the results from 2SLS 
estimations. This study seeks to examine the effect on the labor supply of married women of 
traffic congestion. Thus, I first focus on the response of working women to congestion. The base-
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line effect of congestion captured in 𝛾 is ambiguous. Even though results from OLS show 
positive and significant 𝛾, results from 2SLS do not support them. The value of 𝛾 depends on the 
type of model specification and instrumental variable. An extra effect of congestion that occurs 
when women is working depends on whether or not to have children. If women do not have 
children, an additional effect of congestion for working women is captured in 𝜌. When estimated 
by 2SLS, 𝜌 is negative but not statistically significant. This means that if women do not have 
children, then there is no clear difference in the effect of congestion between working and non-
working group. On the other hand, the labor supply of working women with children are more 
sensitive to congestion than that of those who are not working, but have children. The sum 𝜌 +
 𝜇3 indicates the difference in the effect of congestion between two groups. This suggests that 
with children, working women prefer less congested cities relative to non-working women. One 
important thing to be noted is that 𝜌 +  𝜇3 is less than 𝜌 because 𝜇3 < 0. Therefore, 𝜇3 
represents the difference in the extra effects of congestion due to whether or not to work between 
two groups by presence of children. It means that the extent to which working women prefer less 
congested cities compared to housewives becomes stronger if they have children.  
Moreover, the response to congestion of women with children compared to that of those 
without children depends on whether or not to work. If women do not work, an extra effect of 
congestion due to presence of children is captured in 𝜇1, which is positive in all three models, but 
one of them is not significant. This result indicates that housewives with children are likely to 
choose more congested cities than those without children. Meanwhile, if women do work, then 
the extra effect is reflected in 𝜇1 +  𝜇3, which is positive in the first two models, but negative in 
the third model. As above, 𝜇3 also demonstrates the difference in extra effects of congestion due 
to presence of children between two groups by whether or not to work. Thus, it can also be 
 54 
interpreted as the extent to which women with children prefer less congested cities compared to 
women without children becomes stronger if they are working. 
In case of year of 2007, the pattern of estimates is similar to one in 2000 except that 𝜇1 is 
not significant in all three models and the value of 𝛾 is inconsistent when TRMP is used as an 
instrumental variable. Therefore, I focus on the results that different from those of 2000. First, 𝜇1 
is not significant in 2007, which means that an extra effect of congestion due to presence of 
children within housewives is ambiguous. Therefore, housewives are not significantly affected 
by congestion regardless of the presence of children. Second, I focus on results from first two 
models when TRMP is used as an instrumental variable because 𝛾 is positive and significant. 
This is in contrast to one of 2000. It means that base-line effect of congestion is positive and 
significant 
One of the important issues in this study is to examine whether or not the negative 
association between traffic congestion and the LFP of married women by Black et al. (2014) is 
still supported by the results from the structural approach. This issue can be addressed by the 
interpretation of the value of 𝜌 in the equation (4) because 𝜌 captures the extra effect of 
congestion on sorting behavior. It corresponds with the effect of congestion in Black et al. 
(2014). From Table 7 to Table 9 provide results in 2000. The value of 𝜌 is negative regardless of 
model specification and type of instrumental variable. Nonetheless, they are not all statistically 
significant. The same result is repeated in 2007 except in Table 12. This means that traffic 
congestion does not have additional impact on the group of women with jobs, which is contrary 
to the claim by Black et al. (2014). As explained above, extra effect of traffic congestion is valid 
on women with jobs if they have children.  
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Conclusions 
This study assumes that congestion is an important local factor that can explain cross-city 
variation of the LFP rate of married women. In order to deal with possible correlation between 
LFP rate of married women and commuting time in Black et al. (2014), I employ a structural 
approach with a multinomial logit model. At the first stage, a discrete-choice model of residential 
decision using revealed preference data infers city-specific fixed effects. Theses fixed effects are 
used as dependent variables at the second stage where the effects of congestion and its 
interaction term are examined. In this stage, I instrument for commute time using three kinds of 
variables to address the endogeneity problems. I find that in most cases, average effect of 
congestion for all groups, 𝛾, is uncertain. In addition, 𝜇1 and 𝜌 are not consistent across model 
specifications and time periods. However, 𝜇3 that captures marginal effect of congestion on the 
LFP of married women who are working and have children is negative and significant. It 
suggests that the negative relationship between congestion and the LFP of married women is 
valid if women have both children and their own jobs. I also find that difference in the extent of 
preference for less congested cities between working women and non-working women becomes 
greater when they have children. Lastly, a key result is that 𝜌 is negative but not statistically 
significant. Since 𝜌 captures how sensitive working women are relative to housewives, 
insignificant 𝜌 does not support the negative association between congestion and the LFP of 
married women by Black et al. (2014). 
Findings in this paper have important implications in some ways. First, congestion does 
not have a significant effect on labor supply of married women if they do not have children. It 
means that about 40 percent of married women30 do not seriously consider traffic congestion in 
                                                        
30 In the sample, 40% and 41% of married women do not have children in 2000 and 2007, respectively 
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determining labor supply. Figure 2 illustrates that most married women with no children consist 
of relatively older women. I can infer that older women are relatively less sensitive to congestion 
if they do not have children. Second, the effect of congestion on married women with children 
and jobs is not conclusive since 𝜇1 is inconsistent across models and years, and 𝜌 and 𝛾 are not 
significant. Nevertheless, negative and significant 𝜇3 suggests that if any policy to improve 
access to working places expects enhancement of LFP of married women, it could work partially 
to limited group of people. 
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    Figure 3. West Virginia Super-PUMA 54300 
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Table.12 Endogeneity Test for Commuting Time 
  
1st Stage1 
  2nd Stage 
  
High 
School 
College Combined 
Housing Price Index 
0.0105   -0.0208 -0.112** -0.0352 
(0.0183)  (0.0289) (0.0277) (0.0264) 
Single Women's 
Wage 
0.397**  -0.626** -0.515** -0.540** 
(0.0847)  (0.200) (0.192) (0.183) 
Unemployment 0.180  -1.760** -0.0827 -1.203** 
(0.141)  (0.219) (0.210) (0.200) 
Commute  Time   1.016* 1.122** 0.924* 
  (0.438) (0.420) (0.400) 
TRMP 
-6.739**     
(2.045)     
Residual 
  -1.560** -1.574** -1.455** 
  (0.454) (0.436) (0.415) 
Constant 20.51**  64.62** 60.31** 65.26** 
(1.590)   (8.157) (7.831) (7.458) 
Adjusted-R 0.229  0.364 0.181 0.279 
Observation 147   147 147 147 
Note: Standard Errors in parenthesis 
         1. The dependent variable is Commute Time. 
† p<0.1; * p<0.05; ** p<0.01 
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Table 13. Wage Equations Results in 2000 & 2007     
  2000   2007 
  
New York 
City 
Johnstown Total   
New York 
City 
Johnstown Average 
White 
6.698** 2.435 3.330**  -2.947 -6.776 2.240 
(1.498) (5.920) (1.261)  (3.690) (9.680) (1.636) 
Male 
13.67** 5.154** 9.397**  19.27** 7.536** 11.56** 
(0.439) (0.649) (0.392)  (1.216) (1.353) (0.546) 
Age 
0.409** 0.130** 0.420**  0.554** 0.122 0.509** 
(0.0255) (0.0381) (0.0221)  (0.0719) (0.0762) (0.0305) 
High School 
Graduate 
3.294* 5.065† -2.915*  7.360 1.101 4.342* 
(1.557) (2.667) (1.304)  (5.070) (6.927) (2.101) 
College 
Drop 
9.023** 6.665** 1.638  14.50** 9.643 † 10.15** 
(1.540) (1.999) (1.283)  (5.036) (5.506) (2.076) 
College 
Graduate 
22.26** 15.38** 13.10**  36.63** 16.69** 26.27** 
(1.546) (2.199) (1.275)  (5.025) (5.915) (2.059) 
Probability 
-326.9** 1,110 68.29  -535.8** -4,332 -178.1* 
(50.05) (1,469) (46.71)  (162.8) (3,074) (77.74) 
Probability2 
7,966** -180,024 3,208**  14,274** 871,000 13,145** 
(926.6) (298,149) (1,133)  (3,585) (628,039) (2,303) 
Constant 
-12.42** -4.070 -6.509**  -11.39 † 10.61 -13.82** 
(2.342) (6.646) (1.970)  (6.847) (12.26) (2.885) 
Adjusted 
R-square  
0.036 0.078 0.0024   0.041 0.114 0.0081 
Observation 94,427 2,439 1,038,805   21,501 637 267,327 
Note: Standard errors in parenthesis.      
** p<0.01, * p<0.05, † p<0.1       
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Table 14. Amenity Variables Summary          
Variable Description 
2000   2007   Difference 
Source 
Mean Std. Dev.   Mean Std. Dev.   Mean Std. Dev. 
Cong Average commuting time of white married men 23.99 2.95  23.71 3.09  -0.287 1.05 (7) 
Employ Ratio of population employed to total population 0.601 0.074  0.606 0.071  0.0056 0.023 (2) 
Manu.est Number of manufacturing establishment 1783.22 3646.18  1643.25 3153.61  -139.97 540.18 (3) 
White Ratio of white to total population 0.78 0.114  0.811 0.108  0.03 0.066 (1) 
Income Per Capita income ($1,000) 34.5 5.91  37.4 6.46  2.9 2.56 (2) 
Crime Number of crime per 1,000 people 46.11 12.57  42.1 10.83  -4.03 6.99 (4) 
Pro.tax Ratio of property tax revenue to total tax revenuea 0.73 0.15  0.72 0.15  -0.008 0.038 (5) 
Gov.expen Local government expenditure per capitaa 4.18 0.96  4.61 1.07  0.429 0.464 (5) 
Climate Heating and cooling degree days 5521.32 1357.82   5521.32 1357.817   − − (6) 
Notes :           
a: Property tax and Local government expenditure data are for 2002 
Sources are (1) 2000 Census & County Intercensal Population Estimate; (2) Bureau of Economic Analysis (BEA); (3) County Business Patterns;(4) Uniform Crime Reports; 
(5) U.S. Census Bureau, Census of Governments; (6) National Climatic Data Center (NCDC) and (7) Estimates from current study 
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Table 15. Results from First-stage Discrete Choice Model in 2000 and 2007 
  2000   2007 
  (1) (2) (3)   (1) (2) (3) 
HouseholdWage 
0.104 0.114 0.114  0.0376 0.0248 0.0276 
(0.0968) (0.0967) (0.0968)  (0.0735) (0.0724) (0.0733) 
HouseholdWage*Kids 
0.0555 0.0414 0.0414  0.149 0.169† 0.163† 
(0.118) (0.117) (0.117)  (0.0929) (0.0917) (0.0920) 
Birth 
2.747** 2.749** 2.752**  2.892** 2.889** 2.893** 
(0.0482) (0.0482) (0.0482)  (0.0485) (0.0484) (0.0484) 
Hbirth 
2.804** 2.806** 2.810**  2.764** 2.760** 2.764** 
(0.0491) (0.0491) (0.0491)  (0.0492) (0.0490) (0.0490) 
Birth*Kids 
0.203** 0.199** 0.194**  0.0603 0.0657 0.0591 
(0.0613) (0.0613) (0.0612)  (0.0610) (0.0609) (0.0608) 
Hbirth*Kids 
0.0155 0.0116 0.00517  0.116† 0.123* 0.116† 
(0.0625) (0.0624) (0.0623)  (0.0623) (0.0621) (0.0620) 
Employ*Kids 
0.903 0.931   0.985 1.033  
(0.617) (0.616)   (0.661) (0.660)  
Manu.Est*Kids 
-6.35e-06    9.39e-06   
(5.43e-06)    (6.20e-06)   
White*Kids 
-0.469 -0.369 -0.438  -0.701† -0.729† -0.813* 
(0.404) (0.395) (0.392)  (0.373) (0.372) (0.368) 
Income*Kids 
-0.0199* -0.0173* -0.00966  -0.00727 -0.00933 -0.00324 
(0.00896) (0.00868) (0.00707)  (0.00736) (0.00723) (0.00610) 
Crime*Kids 
0.000299 0.00107 0.00158  -0.00280 -0.00421 -0.00366 
(0.00290) (0.00283) (0.00281)  (0.00341) (0.00328) (0.00326) 
Pro.tax*Kids 
0.00907 -0.00624 -0.0892  0.0383 0.0343 -0.0310 
(0.237) (0.237) (0.230)  (0.222) (0.222) (0.218) 
Gov.exp*Kids 
-0.0910* -0.0960* -0.106**  -0.00946 -0.000703 -0.00924 
(0.0408) (0.0405) (0.0400)  (0.0374) (0.0370) (0.0365) 
Climate*Kids 
8.07e-
05** 
7.72e-
05** 
8.65e-
05**  0.000101** 
9.83e-
05** 0.000111** 
(2.95e-05) (2.93e-05) (2.87e-05)  (3.21e-05) (3.20e-05) (3.11e-05) 
HousingPrice*Kids 
0.00665† 0.00545† 0.00514  -0.00112 -0.000335 -0.000164 
(0.00340) (0.00324) (0.00323)  (0.00283) (0.00278) (0.00278) 
Wifework*Kids (𝜇2) 
0.178 0.174 0.183  -0.0119 -0.00886 0.00282 
(0.375) (0.375) (0.376)  (0.355) (0.355) (0.355) 
Cong*Kids (𝜇1) 
0.0372* 0.0306* 0.0224  0.0138 0.0217 0.0148 
(0.0161) (0.0151) (0.0141)  (0.0146) (0.0137) (0.0130) 
Cong*Wifework*Kids 
(𝜇3) 
-0.0294* -0.0289* -0.0292*  -0.0251* -0.0257* -0.0259* 
(0.0131) (0.0131) (0.0131)   (0.0126) (0.0126) (0.0126) 
Observation 10,000 
Note: Standard errors in parenthesis.       
† p<0.1; * p<0.05; ** p<0.01       
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Table 16. City-specific Fixed Effect in 2000 and 2007 
   Alternatives at Top     Alternatives at Bottom 
  2000 2007    2000 2007 
No City CSFE City CSFE   No City CSFE City CSFE 
1 Los Angeles, CA 2.86 Seattle, WA 2.96  1 
Binghamton, 
NY 
-2.97 
Davenport, 
IA 
-3.41 
2 Seattle, WA 2.77 
Washington, 
DC 
2.90  2 
Davenport, 
IA 
-2.92 
Brownsville, 
TX 
-2.71 
3 Washington, DC 2.74 Phoenix, AZ 2.82  3 
Brownsville, 
TX 
-2.84 McAllen, TX -2.67 
4 Phoenix, AZ 2.71 Atlanta, GA 2.79  4 McAllen, TX -2.82 
Binghamton, 
NY 
-2.59 
5 San Francisco, CA 2.51 Denver, CO 2.71  5 Erie, PA -2.78 Reading, PA -2.43 
6 Denver, CO 2.48 
Los Angeles, 
CA 
2.70  6 York, PA -2.69 Utica, NY -2.37 
7 Dallas, TX 2.42 Dallas, TX 2.66  7 
Johnstown, 
PA 
-2.51 Salinas, CA -2.32 
8 Atlanta, GA 2.39 Tampa, FL 2.57  8 
Lexington, 
KY 
-2.31 Erie, PA -2.22 
9 Tampa, FL 2.32 Boston, MA 2.52  9 Lancaster, PA -2.30 Saginaw, MI -2.13 
10 Boston, MA 2.23 
San Francisco, 
CA 
2.30  10 Reading, PA -2.22 
Johnstown, 
PA 
-2.06 
11 New York, NY 2.19 Houston, TX 2.23  11 
Des Moines, 
IA 
-2.18 Lancaster, PA -2.02 
12 Houston, TX 2.08 New York, NY 2.21  12 Portland, ME -2.15 Duluth, MN -1.97 
13 Portland, OR 2.07 Portland, OR 2.19  13 Rockford, IL -2.13 Portland, ME -1.95 
14 Miami, FL 1.94 Las Vegas, NV 2.09  14 Utica, NY -2.12 
Kalamazoo, 
MI 
-1.94 
15 Orlando, FL 1.93 Orlando, FL 2.08  15 
Allentwon, 
PA 
-2.06 Rockford, IL -1.91 
16 Minneapolis, MN 1.85 
Minneapolis, 
MN 
2.01  16 Salinas, CA -2.01 Lansing, MI -1.89 
17 Las Vegas, NV 1.80 Norfolk, VA 1.92  17 Lincoln, NE -2.00 
Des Moines, 
IA 
-1.82 
18 Norfolk, VA 1.74 Miami, FL 1.84  18 Saginaw, MI -1.94 York, PA -1.81 
19 Jacksonville, FL 1.66 
Indianapolis, 
IN 
1.83  19 
Brownsville, 
TX 
-1.92 Canton, OH -1.79 
20 
West Palm Beach, 
FL 
1.63 Nashville, TN 1.82   20 Albany, NY -1.88 Roanoke, VA -1.78 
Note:  There are 147 MSAs in sample. Each MSA is divided into 2 alternatives depending on women's work. Brownsville, TX ranked in 
19th of 20 alternatives bottome in 2000 is an alternative where women work. CSFE represents City-specific Fixed Effects 
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Table 17. Types of Individuals and the Effects of Congestion for Them 
  Children 
No Children Children 
Working   
No Working 𝛾 𝛾 + 𝜇1 
Working 𝛾 +  𝜌 𝛾 + 𝜇1 +  𝜌 + 𝜇3 
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Table 18. Second Stage Estimation Results in 2000 
  OLS IV_Share IV_Mile IV_HWY 
Employ 
3.562** -81.50 3.392** 28.55 
(0.831) (167.6) (1.166) (22.54) 
Manu.Est 
7.31e-05** 0.00126 7.54e-05** -0.000276 
(1.45e-05) (0.00256) (2.22e-05) (0.000323) 
White 
1.210* -17.96 1.171* 6.843 
(0.510) (37.76) (0.509) (5.302) 
Income 
0.0564** 1.242 0.0588** -0.292 
(0.0127) (2.331) (0.0166) (0.303) 
Crime 
0.0134** -0.00798 0.0134** 0.0197 
(0.00394) (0.0643) (0.00396) (0.0145) 
Pro.tax 
-0.326 -8.860 -0.343 2.182 
(0.294) (17.31) (0.274) (2.268) 
Gov.exp 
0.0106 0.352 0.0112 -0.0896 
(0.0502) (0.945) (0.0456) (0.237) 
Climate 
-0.000117** -0.00126 -0.000119** 0.000218 
(4.43e-05) (0.00253) (4.25e-05) (0.000348) 
HousingPrice 
-0.00558 -0.200 -0.00597 0.0516 
(0.00489) (0.400) (0.00550) (0.0523) 
Wifework 
1.473* 2.088 1.790† 2.097 
(0.632) (12.55) (1.041) (3.833) 
Congestion (𝛾) 
0.130** -3.894 0.128* 1.328 
(0.0223) (8.046) (0.0524) (1.047) 
Cong*Wifework 
(𝜌) 
-0.00591 -0.0305 -0.0186 -0.0309 
(0.0251) (0.511) (0.0416) (0.156) 
Constant 
-9.012** 131.0 -8.890** -50.54 
(0.932) (279.9) (1.735) (36.56) 
Adjusted R-square  0.706 . 0.705 . 
F-Statistic at first 
stage 
 0.13 22.40 0.67 
 83.13 68.11 59.74 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Table 19. Second Stage Estimation Results in 2000 
  OLS IV_Share IV_Mile IV_HWY 
Employ 
3.448*** -4.706 2.253 33.92 
(0.863) (3.142) (1.435) (31.07) 
White 
0.660 -1.934 0.280 10.35 
(0.519) (1.215) (0.625) (9.880) 
Income 
0.0587*** 0.177*** 0.0760** -0.382 
(0.0131) (0.0487) (0.0217) (0.439) 
Crime 
0.0112*** 0.00624 0.0104* 0.0296 
(0.00407) (0.00593) (0.00409) (0.0228) 
Pro.tax 
-0.347 -1.198** -0.471 2.835 
(0.306) (0.474) (0.292) (3.172) 
Gov.exp 
0.0240 0.0726 0.0311 -0.158 
(0.0520) (0.0625) (0.0479) (0.296) 
Climate 
-6.10e-05 -8.21e-05 -6.41e-05 1.75e-05 
(4.45e-05) (6.78e-05) (4.22e-05) (0.000216) 
HousingPrice 
0.000580 -0.00897 -0.000820 0.0363 
(0.00494) (0.0106) (0.00624) (0.0413) 
Wifework 
1.487** 2.119 1.885† 2.239 
(0.656) (1.441) (1.014) (4.829) 
Congestion (𝛾) 
0.167*** -0.146 0.128* 1.401 
(0.0220) (0.114) (0.0565) (1.236) 
Cong*Wifework 
(𝜌) 
-0.00668 -0.0320 -0.0226 -0.0368 
(0.0260) (0.0586) (0.0405) (0.197) 
Constant 
-9.775*** 1.887 -8.218** -54.90 
(0.954) (4.351) (2.038) (45.41) 
Adjusted R-square  0.682 0.282 0.669 . 
F-Statistic at 
first stage 
 9.77 17.27 0.51 
 64.47 41.822 39.07 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Table 20. Second Stage Estimation Results in 2000 
  OLS IV_Share IV_Mile IV_HWY 
White 
0.378 -0.999 0.321 -3.997† 
(0.532) (0.784) (0.630) (2.206) 
Income 
0.0920*** 0.121** 0.0932** 0.186** 
(0.0107) (0.0161) (0.0143) (0.0486) 
Crime 
0.0130*** 0.00634 0.0128** -0.00823 
(0.00419) (0.00515) (0.00433) (0.0125) 
Pro.tax 
-0.676** -0.733** -0.679* -0.855 
(0.305) (0.284) (0.264) (0.571) 
Gov.exp 
0.00751 0.0752 0.0103 0.222 
(0.0536) (0.0524) (0.0524) (0.142) 
Climate 
-9.16e-06 -0.000108† -1.32e-05 -0.000323* 
(4.42e-05) (5.85e-05) (4.78e-05) (0.000154) 
HousingPrice 
-0.000128 -0.00572 -0.000359 -0.0179 
(0.00511) (0.00833) (0.00618) (0.0184) 
Wifework 
1.480** 1.952 1.520 2.060 
(0.679) (1.226) (1.319) (3.234) 
Congestion (𝛾) 
0.130*** -0.0317 0.124* -0.402† 
(0.0207) (0.0500) (0.0582) (0.227) 
Cong*Wifework 
(𝜌) 
-0.00642 -0.0253 -0.00804 -0.0296 
(0.0270) (0.0495) (0.0530) (0.132) 
Constant 
-7.738*** -2.906 -7.548** 8.070 
(0.831) (1.782) (1.771) (6.797) 
Adjusted R-square  0.661 0.498 0.660 . 
F-Statistic at 
first stage 
 31.41 12.63 3.67 
 40.70 27.21 22.32 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Table 21. Second Stage Estimation Results in 2007 
  OLS IV_Share IV_Mile IV_HWY 
Employ 
4.896** 104.9 12.50** 53.26 
(0.976) (147.8) (3.782) (60.85) 
Manu.Est 
8.85e-05** -0.00124 -1.25e-05 -0.000554 
(1.74e-05) (0.00178) (5.61e-05) (0.000790) 
White 
0.725 24.89 2.563* 12.41 
(0.538) (36.76) (1.061) (15.45) 
Income 
0.0315** -0.611 -0.0174 -0.279 
(0.0115) (0.957) (0.0272) (0.377) 
Crime 
0.0167** 0.0382 0.0184* 0.0271 
(0.00506) (0.0659) (0.00736) (0.0306) 
Pro.tax 
-0.190 6.617 0.328 3.102 
(0.327) (10.67) (0.485) (4.382) 
Gov.exp 
-0.101† -0.166 -0.106† -0.132 
(0.0523) (0.561) (0.0621) (0.275) 
Climate 
-0.000133** -0.00191 -0.000268** -0.000994 
(5.08e-05) (0.00286) (9.56e-05) (0.00117) 
HousingPrice 
-0.000765 -0.0680 -0.00588 -0.0333 
(0.00431) (0.127) (0.00725) (0.0567) 
Wifework 
1.287* 1.630 1.559 1.621 
(0.649) (12.23) (1.333) (5.780) 
Congestion (𝛾) 
0.128** 3.807 0.413** 1.911 
(0.0225) (5.354) (0.144) (2.192) 
Cong*Wifework 
(𝜌) 
0.00218 -0.0116 -0.00876 -0.0113 
(0.0260) (0.503) (0.0541) (0.238) 
Constant 
-8.232** -147.6 -18.95** -75.73 
(1.070) (203.4) (5.265) (84.12) 
Adjusted R-square  0.657 . 0.376 . 
F-Statistic at first 
stage 
 0.21 2.64 0.32 
 62.34 55.43 52.08 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Table 22. Second Stage Estimation Results in 2007 
  OLS IV_Share IV_Mile IV_HWY 
Employ 
5.247** -5.451 12.42** -1.849 
(1.021) (4.956) (3.466) (5.200) 
White 
0.376 -2.940* 2.600* -1.824 
(0.560) (1.492) (1.178) (2.901) 
Income 
0.0354** 0.112* -0.0161 0.0862 
(0.0121) (0.0480) (0.0276) (0.0953) 
Crime 
0.0146** 0.00741 0.0194* 0.00983 
(0.00528) (0.00823) (0.00758) (0.0321) 
Pro.tax 
-0.248 -1.114† 0.333 -0.823† 
(0.343) (0.616) (0.492) (0.463) 
Gov.exp 
-0.0782 -0.0265 -0.113† -0.0441 
(0.0546) (0.0779) (0.0631) (0.0594) 
Climate 
-9.99e-05†  0.000152 -0.000269* 6.69e-05 
(5.30e-05) (0.000120) (0.000104) (0.000252) 
HousingPrice 
0.00221 0.0153 -0.00658 0.0109 
(0.00447) (0.00960) (0.00777) (0.00801) 
Wifework 
1.270†  1.507 1.515 1.599 
(0.681) (1.531) (1.563) (6.039) 
Congestion (𝛾) 
0.161** -0.189 0.404** -0.0675* 
(0.0225) (0.150) (0.121) (0.0289) 
Cong*Wifework 
(𝜌) 
0.00320 -0.00639 -0.00669 -0.0101 
(0.0272) (0.0627) (0.0636) (0.158) 
Constant 
-9.192** 4.798 -18.77** 0 
(1.104) (5.913) (4.595) (0) 
Adjusted R-square  0.625 0.099 0.388 0.393 
F-Statistic at 
first stage 
 7.11 3.19 0.001 
 52.98 36.52 35.27 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Table 23. Second Stage Estimation Results in 2007 
  OLS IV_Share IV_Mile IV_HWY 
White 
-0.263 -1.529* 5.441 -4.188† 
(0.577) (0.706) (4.685) (2.169) 
Income 
0.0736** 0.0740** 0.0718* 0.0748** 
(0.0101) (0.0156) (0.0333) (0.0254) 
Crime 
0.0176** 0.00943 0.0542† -0.00764 
(0.00553) (0.00655) (0.0313) (0.0161) 
Pro.tax 
-0.645† -0.686† -0.463 -0.771 
(0.353) (0.365) (0.874) (0.611) 
Gov.exp 
-0.109† -0.0365 -0.435 0.116 
(0.0572) (0.0618) (0.316) (0.166) 
Climate 
1.17e-05 3.27e-05 -8.29e-05 7.67e-05 
(5.14e-05) (6.38e-05) (0.000162) (0.000118) 
HousingPrice 
0.00360 0.0100 -0.0252 0.0234 
(0.00471) (0.00761) (0.0277) (0.0154) 
Wifework 
1.258† 1.355 1.304 1.421 
(0.719) (1.317) (5.328) (4.047) 
Congestion (𝛾) 
0.111** -0.0456 0.825 -0.377 
(0.0215) (0.0478) (0.560) (0.242) 
Cong*Wifework 
(𝜌) 
0.00361 -0.000308 0.00176 -0.00297 
(0.0287) (0.0538) (0.218) (0.166) 
Constant 
-6.009** -1.343 -27.26† 8.517 
(0.965) (1.613) (16.56) (7.225) 
Adjusted R-square  0.586 0.443 . . 
F-Statistic at 
first stage 
 32.66 0.73 3.09 
 30.03 10.81 10.79 
Observation 294 294 294 294 
Note: Standard errors in parenthesis.    
† p<0.1; * p<0.05; ** p<0.01    
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Figure 4. Age Distribution of Married Women with No Children in 2000 and 2007 
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Chapter 4. Conclusion 
 
This dissertation focuses on two main research questions related to the effect of a factor 
in a local labor market. The first essay evaluates the appropriateness of an MSA as a 
geographical entity in estimating the effect of congestion on labor supply of married women 
because a negative association between congestion and labor supply of married women by Black 
et al. (2014) is based on an aggregated data that do no take into account a within-city variation in 
congestion. In order to address this issue, I replicate the works by Black et al. (2014) at smaller 
geographical levels: the super PUMA, the PUMA and the census tract. Once the coefficient on 
commute time at each level is estimated, I compare the coefficients from smaller geographical 
entities with one from the MSA to examine if they are statistically similar. I find the coefficients 
on commute time from smaller units are not statistically different from the coefficient at the 
MSA level. It implies that an MSA is a geographically proper unity when the effect of commute 
time on the LFP of married women is examined. 
Additionally, I explore whether commuting time has also a significant effect on other 
related to labor market issues. First, I find longer commuting time is associated with shorter 
weekly working time of high school educated women. Secondly, fewer married women are self-
employed in the area with longer commuting time. The negative effects of commute time on both 
hours worked and the ratio of self-employed are stronger for women with a high school level of 
education than those with a college degree.  
The second essay begins with the possibility of correlation between congestion and the 
error term in the estimation equation by Black et al. (2014). The coefficient on congestion in 
their equation might be biased due to the endogeneity problem. I employ a structural approach 
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with a multinomial logit in order to deal with the endogeneity issue. By examining the effect of 
congestion and its interaction term on city-specific fixed effects that can be estimated using a 
descrete-choice model of residential decision, I find that the negative relationship between 
congestion and labor supply of married women discovered by Black et al. (2014) is partially true. 
Coefficients on congestion and its interaction term are uncertain or depend on the model 
specifications except the coefficient (𝜇3) on 𝐶𝑂𝑁𝐺𝐸𝑆𝑇𝑗𝑘 ∗ 𝑊𝐼𝐹𝐸𝑊𝑂𝑅𝐾𝑘 ∗ 𝐾𝐼𝐷𝑆𝑖  that captures 
marginal effect of congestion on the labor supply of married women who are working and have 
children. 𝜇3 is negative and significant regardless the model specifications and the kind of 
instrumental variables. 
These findings have significant implications in several ways. First essay shows an MSA 
is appropriate as a geographical unit. Even though the presence of a within-city variation in 
congestion is shown, total variation of congestion is mostly explained by between-city variation. 
In other words, this means that commute from suburbs into downtown is still common pattern. 
Consequently, an MSA can take a priority over other geographical units when the effects of local 
market factors on the economy are estimated. In addition, negative correlation between commute 
time and weekly working hours indicates that congestion can affect the distribution of the 
number of working days under the assumption that longer commute time causes longer hours 
worked per day. Therefore, further research on the dynamics of time using the time-use survey 
may help understand additional effect of congestion on labor market. Lastly, congestion has a 
negative effect for the limited group of married women. Those who are working and have 
children mostly consist of relatively younger married women whose age ranges from early 30s to 
early 40s. Thus, easier access to working places is expected to encourage relatively younger 
married women to work, and the effect can be stronger if married women could be free from the 
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constraint of time as housewives because relatively younger married women are believed to 
spend more time related with housework due to relative younger children. Further study using 
bigger sample of women may provide interesting results showing variation in the effect of 
congestion across races or educational level. 
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